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Grinding jobs like this thin-wall cylinder of heat-sensitive steel are critical operations. In 
aircraft production tolerance limits are measured in tenths of thousandths and the steel 
itself must not be injured. The selection of the grinding wheel is an important matter 
—the selection of the abrasive and the grain size, grade, and structure. 

A new abrasive recently announced has proved near perfect for grinding wheels employed 
in centerless grinding in the production of airplane parts because of its cool-cutting prop- 
erties. It is known as 57 Alundum. It has met with so much success since its introduction 
in war industries, particularly aircraft, that the entire production has been frozen for this 
important work. Now, enlarged facilities have made 57 Alundum available for any plant 
that can use it. This is an important announcement, and you should not let it pass unnoticed. 


NORTON COMPANY, Worcester 6, Mass. 


Photo courtesy North American Aviation, Inc, Behr-Manning, Troy, N. Y., is a Norton Division 
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Many tool makers . . . die makers . . . master mechanics . . . expert lathe operators and other much- 
needed skilled workers could be helping the war effort and their former employers right now #f it hadn't 
been for eye accidents—which could have easily been avoided. 

There is an indisputable moral in this condition for those companies that have not yet lost key workers, 
even though failing to provide them with goggles: don’t continue to take chances with the law of averages 

— install an employee-protecting, money-saving goggle program NOW! 

American Optical Company offers you an entire line of comfortable goggles, each scientifically designed 
to meet specific types of eye hazards. Get in touch with your nearest AO Branch Office . . . or have 

an AO Safety Representative call. 


American 0 Optical 


COMPANY 
SOUTHBRIDGE, MASSACHUSETTS 
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NC-100XA 


The NC-100XA has gone to war. Under the pressure of the emergency 
following Pearl Harbor, many stock receivers of the NC-100 series 
went into action, and served brilliantly. Since then growing experience 
had led to a long series of minor changes and improvements, culmi- 
nating in the superb receiver shown in the photograph above. We 
cannot show what is inside the cabinet until after the war, but a 
glance at the front panel will make any amateur recognize an old 
friend. It is stripped for action and in battle dress, but it is still the 
old reliable NC-100XA. And like its amateur prototype, this new 
Navy model is winning an impressive reputation for brilliant per- 
formance and absolute reliability. 


NATIONAL COMPANY, INC., MALDEN, MASS. 





























Process engineering, plant construction, 
equipment manufacture . . . Badger’s 
experience in these phases of the chem- 
ical, petro-chemical and petroleum re- 
fining industries covers not only many 
years—but many scenes of operations 
throughout the world. 


These world-wide activities have broad- 
ened Badger’s “know-how” well be- 
yond that which is normally acquirable 
from domestic projects alone. Regions 
where only salt water is readily avail- 
able—climates that reach 60° below 








PROCESS ENGINEERS AND CONSTRUCTORS FOR THE CHEMICAL, 


WE’VE BEEN PLACES AND DONE THINGS 


or 110° above—terrains subject to 
earthquakes or sand-storms and 
drought—locations inaccessible by 
normal means . . . these and similar 
perplexing problems have had to be 
— and were — solved by Badger plan- 
ning boards, design engineers, procure- 
ment specialists, transportation experts, 
erecting engineers, labor co-ordinators, 
and other key personnel. 


Badger’s foreign assignments include 
both war and pre-war projects. The 
knowledge gained therefrom is of 





special value to those looking to post- 
war expansions — either at home or 
abroad. 
that any processing method, plant de- 
sign, or form of construction recom- 
mended by Badger is the best that 
modern engineering can provide. 


It carries every assurance 


The Badger organization is prepared to 
consider further contracts embracing 
chemical, petro-chemical or petroleum 
refining plants anywhere in the world 
—whether involving new construction, 
conversion, or modernization. 


E. B. B adger & SONS CO., BOSTON —EST. 1841 


NEW YORK . PHILADELPHIA 
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PETRO-CHEMICAL AND PETROLEUM 


SAN FRANCISCO ° LONDON 


INDUSTRIES 








‘*PUT IT ON THE BLANCHARD’’ 


5 oon heat treated steel trunnion bearings are 
ground ona No. 16-A2 Blanchard Surface Grinder. 


They are loaded on special 80-station fixture 
with magnetic studs locating from previously 
ground surface. The end of the bearing is then 
ground to very close limits. At the unloading sta- 
tion the work is automatically ejected and de- 


magnetized. 


005” to .015” of stock is removed, to limits of 
+ .0005”. 18,500 pieces are produced per 8 
hour shift. 


Grinding Trunnion Bearings on No. 16-A2 
Blanchard Surface Grinder. * 


The BLANCHARD 


MACHINE COMPANY 
64 STATE STREET, CAMBRIDGE, MASS. 


Send for your free copy of “Work Done on 
the Blanchard.” This book shows over 100 
actual jobs where the Blanchard Principle 
is earning profits for Blanchard owners. 
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custom Plastic Sections are extruded by SANDEE in great 
variety. Regardless of shape, or quantity desired, Sandee Extru- 
sion Service offers correct materials; uniform high quality; close 
tolerances; and strict adherence to the most exacting specifications! 


Here, highly skilled plastic engineers with methods and machinery of our own design, 


assure a successful finished product. If you have a problem in which Extruded Plastics 
are involved, submit it to us today, without obligation. We will gladly send samples, 
ideas, suggestions, and cost estimates. Sandee is one of America’s largest extruders of 


plastic products. 


hy °F Manufacturing Compa 


3945 NORTH WESTERN AVENUE - CHICAGO 18, ILLINOIS | 
EXTRUDED PLASTICS AND SPECIAL TOOLS() 


ELMER SZANTAY, M.E. ’35, GENERAL MANAGER 





FOUR OF 25 NEW DIESELS 


FOR MARITIME COMMISSION 
BEGIN OFFICIAL TEST RUNS 


The photograph pictures a part of the big Busch- 
Sulzer plant in St. Louis. At the extreme left, one of 
the main propulsion engines for the Maritime Com- 
mission’s Type C1-AV1 coastal cargo vessels is 
making its successful trial run. Next left, a second 
engine is nearly ready to turn over while the re- 
maining two are rapidly nearing complete assembly. 


The C1-AV1 vessels will be used to move troops 
and materials to combat areas. Each of the twenty- 
five 4,000 ton ships with Busch-Sulzer Diesels will 
be propelled by a single direct-connected engine de- 
veloping 1700 B. H. P. at 180 R. P. M. 


BUSCH-SULZER BROS.-DIESEL ENGINE COMPANY 
SAINT LOUIS 
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Busch-Sulzer also builds Diesels for other Mari- 
time Commission ships and for vessels of the Army 
and Navy and marine and stationary engines for 
orders of high priority. Since a tremendous demand 
for Diesels is expected to continue for several years 
after hostilities cease, may we suggest that you ac- 
quaint us now with your requirements? We build 
4-cycle engines up to 1500 B. H. P. and 2-cycle 
engines up to 7500 B. H. P. in sizes and speeds to 
suit a variety of needs. Your inquiry will receive 
prompt attention. 





sad 








AMERICA’S OLDEST BUILDER OF DIESEL ENGINES 
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The Spark that Lights the Flame of Victory 


A pinpoint of fight- 

ing metal placed in 

the arc of the spectrograph writes its 
own signature on a photographic plate. 
Inside the instrument, the light from 
that flame is broken up by a prism as a 
prism breaks up sunlight. Each element 
identifies itself by a series of character- 
istic lines, always the same for the same 
basic element. Itreveals to the spectro- 
grapher each constituent, what impuri- 
ties are present and in what quantities. 
Thus spectrography helps in control- 
ling inspection. It keeps tough fighting 
steels tough, helps in development of 


new fighting metals. Spectrography is 
used too in other fields . . . chemicals, 
foodstuffs, vitamins. It speeds research, 
control, and analysis. Today, spectro- 
graphy is helping to build the tools of 
Victory as in peacetime it helps to make 
better cars and better breakfast foods. 

Because Bausch & Lomb had long ex- 
perience with such precision optical 
equipment needed in education, re- 
search, and industry, it was ready for 
quantity production of precision optical 
instruments of war such as gunfire con- 
trol instruments, binoculars, and aerial 
photographic lenses. When the last gun 


is fired, Bausch & Lomb will devote its 
enlarged experience to peacetime op- 
tical production. Through war and 
peace, Bausch & Lomb has continued 
...and will continue... to do the job 
it knows how to do best. Here again 
optical science is seeing it through. 


For Bausch & Lomb Instruments essential to 


Victory—priorities govern delivery schedules. 


BAUSCH & LOMB 


OPTICAL CO. + ROCHESTER, N. Y. 
ESTABLISHED 1853 


AN AMERICAN SCIENTIFIC INSTITUTION PRODUCING OPTICAL GLASS AND INSTRUMENTS FOR MILITARY USE. EDUCATION. RESEARCH, INDUSTRY AND EYESIGHT CORRECTION 
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Engineers 


BATH, MAINE 











THE TABULAR VIEW 





Coadjutor.—From the dynamic beginning days of the 
electrical industry, which his recent biography of Elihu 
Thomson presented in vivid detail, Davin O. WoopsBury 
begins in this Review (page 419) another graphic story. 
This is the account of the career of Hermann Lemp, who 
as a newcomer from Switzerland two generations ago 
became the assistant first of Thomas Edison and later 
of Thomson, shared in many of the ups and downs at- 
tending the development of basic electrical inventions, 
and as an inventor himself contributed substantially to 
the growth of the industry. Mr. Woodbury, who received 
bachelor’s and master’s degrees in Electrical Engineering 
from the Institute in 1922, has written on a wide range 
of subjects in science and engineering. His work appears 
frequently in The Review, and he is responsible for reg- 
ular treatment of that field in Collier’s. 


Sesame.—One of the too rare good fortunes of periodical 
publication is the occasional coming-to-hand of articles 
which have been written by authors working independ- 
ently and from individual points of view but which 
approach a common subject in such wise that the one il- 
luminates and enforces the other. Such a welcome coinci- 
dence brings added substance to this issue of The Re- 
view. The articles in question are those by Sir Haro.p 
HartLey (page 422) and James R. Kiiuian, Jr., ’26 
(page 423). The subject they treat is that of sponsored 
research as a source of economic strength and social 
progress. The points of view are, on the one hand, why 
and how British industry must seek to expand and fortify 
research of this kind; on the other hand, how and why 
a great expansion of such research has been administered 
in a recognized major American center of science and 
engineering — the Institute. On the one hand, a general 
problem is posed; on the other, a specific solution is 
described. The authors are well qualified to analyze 
authoritatively the subjects they have elected. Sir 
Harold, whose notable commencement address at the 
Institute in 1939 appeared in The Review for July of 
that year, was formerly lecturer in physical chemistry 
at Oxford and is now vice-president and director of re- 
search for the London Midland and Scottish Railway. 
Mr. Killian, for 13 years associated with The Review 
and its editor from 1930 to 1939, became in the latter 
year executive assistant to President Compton and a ‘ 
year ago was named executive vice-president of the In- 
stitute. During the intensive development of Technol- 
ogy’s facilities in war research, he has taken a heavy 
share of primary responsibility; his discussion of the 
principles and procedures followed in bringing the In- 
stitute fully into action as a center of military potential 
is based on firsthand knowledge. 


Provender.—That history often offers commentary on 
the present and the future is a precept well substantiated 
by the story of food in the Civil War which GeorcE Fort 
MixTon tells in this issue (page 426). Both the North 
and the South then faced agricultural dilemmas equal 
in difficulty though different in characteristics. The 

(Concluded on page 408) 





















































Now is the time to think 
about Molybdenum... 


Taylor and White’s great discovery which made 
possible high speed cutting was the greatest single 
development to help make mass production pos- 
sible. The steel developed, commonly known as 
18-4-l1, served industry faithfully for over thirty 
years without a serious competitor. 

In the early 1930's the first molybdenum high 
speed steels were used on a substantial commer- 
cial basis and, before the Second World War, 
about 25% of all tungsten high speed steels had 
already been replaced by molybdenum high speed 
steels on merit. This steady progress of logical 
replacement of the tungsten steels was interrupted 


-_ 
ARMY 


MG (3 * MOLYBDIC OXIDE, BRIQUETTED OR CANNED® 
| at NAVY FERROMOLYBDENUM « “CALCIUM MOLYBDATE” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEEXING 
DATA ON MOLYBDENUM APPLICATIONS. 


by the war because of the tungsten shortage, when 
many industrial plants were forced to a sudden 
change to molybdenum steels. 

Because of the stress of war production many 
concerns have never had an opportunity to 
satisfy themselves thoroughly as to the com- 
parative merits of the molybdenum high speed 
steels. For those, in this category, who are in- 
clined to return to the tungsten steels, we sug- 
gest a serious consideration of the following 
facts—molybdenum high speed steels perform 
as well as, or better than, tungsten steels—and 
they cost less. 





IRC WILL BE READY 


WHEN IT’S OVER “OVER THERE” 

IRC will be in a specially favorable position to 
supply ail types of Resistance units—of high 
Quality—in large Quantity—at low costs made 
possible by mass production. 


FIRST IN WAR... FIRST IN PEACE 
Produced by the most modern and efficient man- 
ufacturing methods, tested and perfected to meet 
the exacting demands of war, IRC Resistors will 
maintain their leadership as first choice of elec- 
tronic engineers, manufacturers and service in- 
dustries of tomorrow. .. . You are invited to 
consult our engineering-research staff 
now, in confidence, on any resist- 
ance problems connected with your 
peacetime products. 


antl FOR ALL 


CHECK THESE FEATURES OF IRC PRECISION 
WIRE WOUND RESISTORS 


1. Most rigid specifications on enameled wire. 


2. Largest size wire used for each resistance 
value and size. 


3. Steatite ceramic (with baked impregnation to 
prevent moisture absorption and to protect enam- 
eled wire from surface abrasions). 


4. Specially designed winding machines elimi- 
nate stress and strain, avert damage to insula- 
tion and minimize fatigue of wire. 

5. Baked impregnation of winding 
insures that wires remain rigidly in 
place and that resistors are inde- 

pendent of temperature variations. 


INTERNATIONAL RESISTANCE CO. 





POWER-FACTOR CORRECTION 


need not be 


~ COMPLICATED 


I. may come as an agreeable surprise 
to you to learn how easily and eco- 
nomically Sprague UNIVERSAL Box- 
Type Capacitors can provide adequate 
power-factor correction for most 
motors or other electrical equipment 
installations. Installed at the equip- 
ment itself rather than at the trans- 


former bank they reduce 1?7R losses 
in plant feeders. Available in standard 
sizes that may be used singly or 
grouped as required, they afford a 
quick, inexpensive solution to a wide 
variety of P.F. correction problems 
throughout industry, and result in 
larger savings and better voltage control. 


WRITE for details, including the helpful booklet 
“Sprague Capacitors for Power-Factor Correction.” 


SPRAGUE SPECIALTIES CO., North Adams, Mass. 


SPRAGUE 


CAPACITORS - KOOLOHM RESISTORS 
















Our Hat Is Off to Distributors of STARRETT TOOLS 
For a Job Well Done 


Getting STARRETT precision measuring tools into hands that can 
use them where they count most for victory has been the difficult, 
and often thankless, task of the mill supply distributor. Without his 
atient, untiring and consistent cooperation, that objective would 

ave proved far more difficult to achieve. 
You can count on your STARRETT distributor for dependable 
assistance on all tool procurement problems — until the last gun is 
fired, and beyond, for the great re-tooling job of 

postwar industry. 


THE L. S. STARRETT CO., Athol, Massachusetts, U.S. A. 
Now, WORLD'S GREATEST TOOLMAKERS 


with Service Star 












* * 


STAR BRASS 
MANUFACTURING 
COMPANY 


Incorporated 1885 


Pressure Gages 


and Valves 


108 EAST DEDHAM ST., BOSTON, MASS. 


New York Chicago __— San Francisco 
= 7 i & if 

See 

CLINTON M. HAIG °25 ~~ seeped 


LUCIUS T. HILLS 





— "RAYMOND STEVENS T? 


ALBERT C. SHERMAN, JR. *149 














MAIL RETURNS 





Admirals 


From Rear ApmirAL Tuomas B. Ricuey, 714: 
The list of rear admirals on page 271 of the March Re- 

view omits the name of Rear Admiral Allan J. Chantry, 

Jr., 10. Another omission, I believe, is that of a Chinese 

admiral, Rear Admiral P. T. C. Mar, ’15, who is now in 

this country. 

Washington, D. C. 








THE TABULAR VIEW 
(Concluded from page 404) 





solutions which were found were necessarily functions 
of the terms in which the problems were set, yet they 
throw light on questions of relief and rehabilitation 
which are already confronting the United Nations in the 
present war. Mr. Milton writes from a fund of detailed 
knowledge of the United States of the Nineteenth Cen- 
tury, of which he has long been both student and his- 
torian. He is at present engaged on a volume discussing 
the use of presidential power in the nation from 1789 
to 1943. 


Bomber.—A footnote to aeronautical history is con- 
tributed to this Review (page 416) by Wituy Ley, 
whose account of Bouvet’s island in our March issue 
was pleasantly received. The idea of the air raid, which 
future historians may well come to consider the charac- 
teristic technique of the second World War, is by no 
means of recent origin, as Mr. Ley shows. A specialist in 
the history of science, Mr. Ley is at present a staff mem- 
ber of the newspaper PM and contributor to a number of 
magazines. Before leaving Germany in 1935 to become a 
citizen ofthe United States, Mr. Ley was coeditor of 
The Rocket, monthly journal of the German Rocket 
Society, of which he was one of the founders. 








Speed with d I ae 
Economy aa 





The Pullman Co, 


If you have a difficult building problem, 
talk it over with us. In our 27 years of in- 
dustrial construction, we have overcome 
many unusual conditions — both on new 
building and alteration work. 


W. J. BARNEY CORPORATION 
101 PARK AVENUE, NEW YORK 
INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, '20, Vice President 


































textiles? lubricants? adhesives? 


insecticides? pharmaceuticals? plastics? 





-— we know only a little of what you might do with it... 
yet. Trimethyleyclohexanol (you pronounce it try’-meth’-il-sy‘- 
klo-hex‘-an-ohl) is a new industrial chemical by Carsine AND 
CarBpon Cuemicats CorporaTion...made with atoms ob- 
tained from common substances, rearranged into molecules 
that are not known to exist in nature. 

What’s this new synthetic organic chemical good for? No 
one yet knows all of the useful things it might be made to do. 
If you are technically minded you'll find some of the facts so 
far discovered in the italicized paragraph at the right. Whatever 
your interest, you will be glad to know that this new chemical 
has potential uses in the making of such things as medicines, 
plastics, lubricating oils, and adhesives. 

In their service to industry as incubators for raw mate- 
rials, the laboratories of this Unit of UCC are continually 
developing such new chemicals. An almost predict- 
able percentage of them prove to be extremely 
valuable. Out of hundreds already developed have 
come scores from which scientists in industry have 
developed useful products of many kinds, 

Some of the chemicals are used to make supe- 
rior anti-freezes. Others are raw materials for 
quantity production of vitamins and life-saving 
drugs. Still others make possible improved cos- 





Model of Molecule 
of Trimethylcyclohexanol 





metics, plastics, textiles, photofilm, insect repellents, anes- 
thetics...and hundreds of things of benefit to you in your 
daily life. 

Through continuing research which is developing new ma- 
terials out of common substances, CARBIDE AND CARBON 
Cuemicats Corporation is helping to make many things 
more plentiful or more useful. And the research of this one 
Unit...in that field which often must appear to the layman 
as “unknown chemicals”... gives you an idea of what the 
combined research of all UCC Units in many basic fields 
means to you. 


v 


As Trimethylcyclohexanol is one of the newest additions to this 
family of synthetic organic chemicals, its story is still incomplete. 
It is an alcohol with a high boiling point (388° Fahren- 
heit). At room temperature, it is a white solid with an 
odor like menthol. It dissolves in other alcohols, gaso- 
line, benzene, ethers, and vegetable oils like linseed 
oil, but does not dissolve in water. It can be supplied 
in carload quantities if and when the need arises. 

Technically minded men and women can obtain 
information on the properties and uses of more than 
160 other products of Carbide and Carbon Chemicals 
Corporation by writing for Booklet P-5, “Synthetic 
Organic Chemicals.” 


BUY UNITED STATES WAR BONDS AND STAMPS 


UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street 


(as New York 17, N.Y. 


Principal Units in the United States and their Products 


ALLOYS AND METALS CHEMICALS 
Electro Metallurgical Company 
Haynes Stellite Company 


United States V di Corp i National Carbon Company, Inc. 








Carbide and Carbon Chemicals Corporation 
ELECTRODES, CARBONS AND BATTERIES 





PLASTICS 

Bakelite Corporation 

Plastics Division of Carbide and 
Carbon Chemicals Corporation 


INDUSTRIAL GASES AND CARBIDE 
The Linde Air Products Company 

The Oxweld Railroad Service Company 
The Prest-O-Lite Company, Inc. 








Machine tools give meaning to this 


jury s verdict! 























It wasn’t much of a story. By news standards today it was strictly Page 14. The night City Editor slugged 
it “‘delinquent—local” and the man in the slot gave it a one-column head. JURY BLAMES 
SLUMS FOR JUVENILE CRIME. 


“Health stations, more hospitals and schools, recreational and training facilities, low-cost housing 
projects and community centers were recommended by the grand jury, in its final presentment yesterday, as 
measures to check the rising tide of juvenile delinquency in tnis etc., etc., etc.” 


Few people read it. In the midst of war and politics, it was strictly Page 14. 


That’s why we’re running it. Because that story should be a Page 1 MUST in every city in America. 
Because that jury’s verdict is a national challenge. Because it gives the lie to every brand of private or 
political complacency which turns away from one simple, unvarnished truth: Our sons are fighting 
for a better world than they left behind—and total victory is a long way off! 


What has the machine tool industry to offer here? One very real contribution: The engineers of 

the basic machine tool producers have helped the men of government and of industry to plan the most 
desperate and gigantic production program of all time. . . and they can help those same men 
in planning today for the peace that must be won after the war is won! 


° One of these is a Bryant man. We invite you to send for him. 


Bryant Chucking Grinder Company 


SPRINGFIELD, VERMONT, U.S.A. 
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cover at 4 to 10 ft. per min. for most 
leading rubber hose manufacturers. 


MINUTE CLIPPING I$ MULTIPLIED BY THIS FIDELITY MACHINE 


TO STEP UP PRODUCTION OF RUBBER HOSE 


This is but one of a number of FIDELITY machines that have contributed to the logistic 
time table on all fronts and will find important post-war applications in the transition 
period. 


> 
FIDELITY Horizontal Hose Reinforce- 
ment Machine applies yarn with or with- 
out 1 or 2 wires tied in place by knitted 
a 


Among the others—all of which multiply manpower, reduce horsepower, cut costs or 
otherwise contribute to better production—are such varied and different machines as 
wire spoolers, glue or resinous bond spreaders, fabric testers, fringe-making machines, 
wear-measurement machines for lubricants, bag closers, machines to apply two or 
more weatherproof coverings to wire, skein reelers, packing braiders, and many others. 


FIDELITY has developed a long line of machines—many of them for highly specialized 
operations, with mechanical, electrical, hydraulic, pneumatic or electronic controls. 


It is quite probable that FIDELITY could develop and manufacture such a machine for 
your needs. To help you appraise this important service, write for ‘‘Facilities,’’ a well- 
illustrated book. 





Buy BONDS to Bring the Boys Down the Home Stretch 


Vutrucate, pbutomatic Precision Wlachines 


FIDELITY MACHINE COMPANY 


3908-18 FRANKFORD AVENUE PHILADELPHIA 24, PA. 
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N AIRCRAFT PARTS 





BUILDING PROVE 















A SURER WAY TO MEASURE STRUCTURAL THE DEADLY GRUMMAN AVENGER for which con- 
FATIGUE developed by the Goodyear Aircraft Corpo- trol surfaces have been built by Goodyeat Aircraft Cor- 
ration is the Resonance Fatigue-Testing machine. This oration. housands of Avengers now serving at the 
ingenious device employs electric impulses to induce pattlefront are equipped with Goodyear-built compo- 
the natural vibration frequency of aircraft parts under nents and the great record of these ships bespeaks 
simulated operating conditions, making it possible to Goodyeat'’s ability to meet the most exacting manu- 
determine fatigue characteristics with a high degree of facturer’s quality standard. This stems from Goodyear S 
accuracy. It can duplicate most types of fatigue, includ- 4 30-odd years experience in aeronautics, a career notable 
ing alternating OF pulsating stresses in structural parts me for its many contributions” the improvement of ait- 
made of sreel, aluminum, or other alloys... whether they craft. In addition to building subassemblies for many 
: : age ote leading airplane manufacturers, 300d- 
include riveted, brazed, of welded joints. Its utility 1S ; ! onsen 
by the U s, Bureau of Standards. ~ buil< p hom complete airplanes #, al Ne 
— ; and airships. ADL *% 
puY WAR BONDS + 
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The Trend of Aftairs 


Water Wings 
‘Les picture of this war’s small, high-speed water- 


craft is sharply definite: It varies little in basic char- 

acteristics from navy to navy, and it follows — 
with improvements to be expected in 25 years — the pat- 
tern laid down by the fast coastal craft used most notably 
by Great Britain and Italy in the last war. Whether 
American PT boats, British M.T.B.’s, German “Eagle 
boats,” or Italian M.A.S.’s, they are lightly built, heavily 
powered, hard-chined, broad-sterned planing craft. When 
at speed, which may mean considerably better than 50 
miles an hour, they do not force their way through the 
water as does a vessel of conventional, round bilge, but 
they more or less slide over the water. It is admittedly a 
complex and carefully worked out sort of sliding, with 
provision for good directional stability, for good maneu- 
verability and, above all, for riding about equally well, 
whether on the heaving, broken surface that usually 
forms the interface between sea and air or on calm 
water. In the naval architect’s parlance, these craft 
are hydroplanes. 

For more than a quarter of a century, however, experi- 
menters have been demonstrating that vessels of this type 
are by no means the only form of hydroplane capable of 
attaining high speed, good maneuverability, and excellent 
performance in rough water. There are also boats which 
are supported not on their bottom surfaces but on planes 
or wings completely submerged in the water and capable 
of lifting the hull entirely free of the sea. This type of 
hydroplane is the true analogue of the airplane, for, like 
airplane wings, the carefully contoured hydrofoils with 
the water flow creating a low-pressure region above them 
obtain lift from both their top and bottom surfaces. Be- 
cause water is more than 800 times as dense as air at sea 
level, this lift may exceed 2,000 pounds per square foot, 
compared to the 40 or 50 pounds per square foot that are 
excellent for an airplane wing. Difficulties with cavitation, 
however, have so far put a ceiling on lift at speeds far 


(415 ) 


below those at which compressibility effects make their 
appearance in air. 

Perhaps the most famous example of this type of speed- 
boat was the HD-4, produced about 1919 by Alexander 
Graham Bell and his associates. This craft, powered with 
two 350-horsepower Liberty engines driving air propel- 
lers, weighed about 10,000 pounds, which gave a ratio of 
weight to horsepower not markedly different from that of 
present-day torpedo boats, one of which might weigh 28 
tons and use three 1,000-horsepower engines. Nor is this 
ratio far from that encountered in many large planes. The 
maximum speed of the HD-4 was about 70 miles an hour. 

A characteristic which is attested to by almost all who 
have operated such hydroplanes is their unusual smooth- 
ness in rough water, the boat or plane (for the idea has 
been proposed as an alternative to a stepped bottom on 
seaplane hulls and floats) acting as if mounted on shock 
absorbers. The Italian general, A. Guidoni, after long 
and intensive trials of hydrofoils, considered this steadi- 
ness in rough water as their outstanding advantage, and 
a contemporary witness of some trials of the HD-4 ob- 
served: “Then you notice that you are traveling [at 60- 
odd miles per hour] over waves a foot and a half high — 
waves that would take the bottom out of an ordinary 
hydroplane traveling at such a speed. There is no pound- 
ing or jolting of the kind with which everyone who has 
ridden in a racing hydroplane is familiar.” 

But the navies of the world are still building hydro- 
planes that ride on their bottom surfaces, not on sub- 
merged hydrofoils. Hydrofoils have thus far proved some- 
what fragile and subject to fouling by seaweed or trash, 
and the draft of a boat so equipped is increased. At high 
speeds, stubborn problems in cavitation are encountered, 

and the drag of the foils plus the interference between 
them and their supports has apparently permitted no 
greater efficiency than that achieved with more conven- 
tional planing boats. But the principle is still deeply in- 
triguing and cannot be dismissed as a dead issue, for many 
of the problems are of a nature which may readily yield to 














The aerial ship of Father Francesco Lana de Terzi, as depicted 
in an old print, with a passenger at ease in the stern 


a greater knowledge of fluid mechanics. In engineering as 
in law, the soundest approach is to consider the method 
right until it is definitely proved wrong. 


The Benevolent Shark 


the surface, it is hard to say who is more surprising 

to the thoughtless, the Chinese who hunts sharks for 
their fins or the white man who hunts them (and other 
fishes) for their livers. Regardless of the general merits of 
fins versus livers, the pursuit of the latter appears to have 
become the more important activity. With the spreading 
of knowledge about the nutritional value of vitamin A, 
noted for its ability to aid growth, increase resistance to 
infections, and prevent night blindness, vitamin-bearing 
oils have become an important and almost world-wide 
by-product of the fishing industry, for fish livers, once 
thrown overboard as offal, are still virtually the only im- 
portant commercial source of vitamin A. The war, while 
interfering with fishing, has also stimulated demand for 
this vitamin and cut off important sources, such as Nor- 
way. Plants for the extraction of shark and other liver 
oils have recently been erected in Australia, New Zea- 
land, Spain, Brazil, and Uruguay, and the South African 
fish-liver industry, which was established in 1941, was 
expected to produce approximately 100,000 United States 
gallons in 1943. India has a shark-liver oil industry of long 
standing which, though producing thousands of gallons 
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of oil annually, is far from meeting domestic requirements. 
Newfoundland exported 310,000 United States gallons 
in the fiscal year 1940-1941. 

While the average daily requirement of vitamin A is not 
known precisely and undoubtedly varies with the individ- 
ual, one widely used reference puts it at about 1,500 
United States Pharmacopoeia units daily for infants under 
one year of age and about 4,000 U.S.P. units daily for 
adults. By these standards, the amount of vitamin A 
obtainable from one large fish can be staggering. Con- 
sider, for example, the number of babies’ breakfasts which 
could have been made miserable by one great hammer- 
head caught off Florida. Its liver oil yielded 126,000 units 
per gram for a total of 4,735,000,000 U.S.P. units of 
vitamin A. 

Since the commercial value of oil that bears vitamin A 
increases with concentration and since rich sources are 
also less costly to exploit per unit of vitamin, consider- 
able attention has been paid to the yields to be expected 
from various types of fishes. Fishes considered to be 
better than average sources of vitamin A are expected to 
show 10,000 U.S.P. units and more per gram of liver oil. 
The stone bass, found off South Africa, is reported to show 
an exceptionally high concentration. The bagre holds that 
distinction in south Atlantic waters. The hake is a good 
source, and it has been known for some time that sharks 
and dogfish will in general show much higher concentra- 
tions than will the cod. But there are sharks and sharks. 
Off California, where a notable shark fishing industry 
exists, the soup-fin shark is the outstanding celebrity. 
Off Florida, where another shark fishery exists, Stewart 
Springer and Price M. French have recently completed 
a survey which indicates that the sharks which fishermen 
should strive most to catch are adult hammerheads, dusky 
sharks, and bull sharks. On the other hand, nurse sharks, 
tiger sharks, great white sharks, sawfish, and rays are in 
general mediocre sources as sharks go. One ray examined 
showed a trifling 35 U.S.P. units per gram of liver oil 
compared to 340,000 units for the richest specimen tested. 
Curiously, the great hammerhead (Sphyrna tudes), which 
appears to give oil.of the highest potency, has been recog- 
nized as a native of our waters only during the past few 
years, and the authors of the report believe that further 
investigation might disclose new and profitable sources 
of vitamin A. 


“*Father of Air Raids” 


By Witty Lry 


FEW days ago I received a letter from a British en- 
gineer who, in the course of a discussion of techno- 
logical principles, suddenly interrupted himself to say: 
‘Strange how conceptions of magnitude change; 450 tons 
of bombs seemed enormous when they happened” (this 
was the heaviest German raid on London during the 
Battle of Britain) “and now we take a 2,000-ton raid for 
granted. By the way, is it true that Pancho Villa is the 
father of air raids?” 

The question is ticklish simply because the idea of air 
raids has several “fathers.” It is true that Pancho Villa 
is one of them, although not the first or earliest. In 1912 
Pancho Villa employed an American pilot, Lester Barlow, 
to drop on his enemies homemade bombs consisting of 
iron and dynamite. The plane used was a Curtiss, and 
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Pancho Villa was sufficiently impressed with the results 
to wire his pilot’s brother, Floyd E. Barlow, offering him 
a salary of $2,000 a month to join in the venture. (The 
other Barlow declined.) 

The Villa-Barlow exploits are, in all probability, the 
first bombings from the air in the Western Hemisphere, 
but they are not the first in history. One year earlier the 
Italians used ancient Farman biplanes to drop bombs on 
Arab tribesmen at Bengasi and in the vicinity of Derna — 
names which acquired prominence again in the present 
war. The few existing reports about these Italian exploits 
of the year 1911 make it appear extremely doubtful that 
the bombings actually did much damage or caused many 
casualties. At any event the ground forces reported that 
they did not derive any noticeable benefit from the ex- 
ploits of the airmen (a state of things which, once inau- 
gurated, quickly became an Italian military tradition). 
On the other hand, the morale of the Arabs was greatly 
shaken by the “flying machines” of their enemies. 

Going back some more in history, one can find casual 
mention of bombings during the Franco-Prussian War of 
1870-1871. When Paris was under siege, the Parisians 
built balloons to transport dispatches and, on occasion, to 
transport important men from the city to unoccupied 
parts of France. This balloon traffic was the direct reason 
for the design and construction of the first antiaircraft 
gun, a one-inch Krupp piece mounted on a cart drawn by 
four horses. There are reports that this gun was used 
against French balloons, but there is no report that it ever 
hit anything. There are also reports that the balloonists 
dropped crudely made bombs on the German lines when 
crossing them overhead, but again there are no reports 
that they hit anything. 

Just before that war an attempt at bombing from the 
air was made in Japan, during the civil war of 1869, when 
government forces besieged the fortress of Wakamatsu. 
The rebels sent up a huge kite which carried one man who 
tried to score hits from the air with hand grenades. 

By that time, however, the first actual air raid was al- 
ready two decades old. The target had been the city of 
Venice, and the attack had been made by the Austrians. 
That air bombardment of 1849 was a complicated ma- 
neuver, and the political background for it was just as 
complicated. Venice, the Queen of the Adriatic, had 
become part’ of Italy under Napoleon and, still later, a 
part of one of the numerous provinces of the Austrian 
Empire. In 1848 Venice decided to rebel and to secede. 
The Austrians answered by laying siege to the city. 
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But the siege dragged out. It could be ended, the Aus- 
trian commander reasoned, only by a solid bombardment 
from siege guns. Which was a fine idea as far as it went, 
except that no place for the siege guns could be found, the 
ranges of guns being what they were in those days. Then 
somebody suggested a new and no doubt secret weapon: 
Venice would be forced to its knees by air bombardment. 
The positions were such that almost any wind would carry 
a balloon over the city from one point of the Austrian 
lines. Of course there were not enough balloons of full size 
to be had, nor were experienced balloonists available. 

This difficulty could be circumvented, however. 
Manned balloons were not necessary — any balloons 
would do as long as they were large enough to carry a 
bomb. The Austrians got busy on the project and emerged 
with many dozens of paper balloons that were inflated 
with hot air. They were large enough to carry for half an 
hour a bomb weighing 33 pounds. The bombs were 
equipped with a time fuse which severed the connection, 
usually by means of a small skyrocket that set fire either 
to the rope holding the bomb or to the balloon itself. 

The results were rather discouraging; the population of 
Venice failed to be frightened to death by the bombs that 
fell from the sky on occasion, even though one of them 
burst squarely in the center of their beloved Piazza di 
San Marco. Worse than that, the invention began to back- 
fire: Every once in a while a time fuse would not function 
properly, or a sudden freshening of the wind would carry 
the balloon clear across the city before the timing device 
had run its course, or the wind would shift. At any event, 
several of the bombs burst in the Austrian lines. For this 
reason the new weapon was taken from the production 
lists after some 300 had been made and tried. 

This raid on Venice seems to be the first air raid that 
was actually made. Just who conceived the idea is not 
known. But the idea of an air raid, provided that one could 
build something that would fly, is much older. 

It is an interesting fact that the theoretical inventor of 
the balloon is also the originator of the idea of air raids. 
The balloon was actually invented in 1783 by the brothers 
Montgolfier, who were at first not too sure exactly why 
their paper balloon ascended. Nor did they at first con- 
sider military applications. Nor, it may be added, did they 
know anything about their predecessor who not only 
understood the theory of the free balloon thoroughly but 
who also foresaw the use of such an invention for air raids. 
He was a Jesuit priest, professor of mathematics at the 
University of Ferrara between 1677 and 1679 and founder 


Official photo, Untied States Army Atr Forces 
By way of contrast, here is a modern military transport plane, the Douglas C-53, being loaded. 
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of the Scientific Society of Brescia. His name was Fran- 
cesco Lana de Terzi, and he lived from 1631 to 1687. The 
last years of his life were spent in writing Magisterium 
Naturae et -Artis. The first volume appeared in 1684, the 
second came out one year before his death, and the third 
was brought out posthumously in 1692. The airship ap- 
peared in volume II, as Artificum XLVI. 

It was not merely a wild idea; Francesco Lana pro- 
gressed very systematically with his exposition. First of 
all, he stated, air has weight. Then he tried to determine 
how much. He then declared that “any large vessel can 
be entirely exhausted of all, or, at any rate, of nearly all, 
the air contained therein.” The fourth point was that a 
globe, when its size is increased, gains volume much more 
rapidly than it gains surface. The fifth point was that 
“when a body is lighter . . . than another, the lighter 
one will ascend in the heavier one if the heavier is a liquid 
body.” He arrived at the conclusion that “it is certain 
that one can construct a vessel of glass or other material 
which could weigh less than the air contained therein; if, 
then, one exhausted all the air . . . this vessel would be 
lighter in density than the air itself and . . . would float 
on the air and ascend.” 

It was perfectly clear and logical and correct. The only 
place where Father Lana slipped was that he forgot what 
pressure the outside air would exert on an evacuated 
vessel. This was something that was not properly known 
then. Other and less valid criticism must have been lev- 
eled at Father Lana because he answered his critics in his 
book. As a matter of fact he accepted only one objection 
(apparently his own): “that God would never surely al- 
low such a machine to be successful, since it would create 
many disturbances in the civil and political governments 
of mankind.” 

Just what kind of “disturbances” he had in mind be- 
comes clear immediately. “‘ No city would be proof against 
surprise,” he wrote. And flying ships might kill the crews 
and sink ships at sea by flying over them and dropping 
heavy weights of iron. Or else they might be steered over 
the city square and set fire to government buildings and 
dwelling houses by means of “fireballs or bombs.” Or they 
might drop iron weights or heavy rocks on buildings, 
making them collapse. 

It was this realization of military use which made Fa- 
ther Lana wonder whether God would permit the inven- 
tion of a flying ship. But it is this fact which shows that 
Lana, the first to invent a type of aircraft which was the- 
oretically sound (even though actually impracticable and 
“impossible” as far as actual building goes), was also the 
first to visualize the possibilities of air raids. 


New Source 


LANTINGS of 40,000 acres — 12,000 in Costa Rica 

alone — are destined to make abac&, better known as 
Manila hemp, at home in the New World. Decision to foster 
intensive cultivation of abac& in Central America was of 
course precipitated by the needs imposed by the war, for 
when the Japanese overran the Philippines, the United 
States lost virtually all its supply of Manila fiber, without 
which both merchant and naval fleets would be seriously 
handicapped. But the decision was in itself no innovation, 
for a history of a half century of scientific interest in such 
a project lies back of the new plantations. Efforts were 
made at the turn of the century to bring seeds of abaca to 
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germination in various Latin American countries, but to 
no avail. Then in 1925 an agent of the United States De- 
partment of Agriculture brought more than a thousand 
rhizomes and suckers of the plant from the Philippines to 
the Canal Zone. Carefully tended, some 500 of the plants 
were brought to successful growth at a quarantine station 
on Columbus Island, off the mainland of Panama. It is 
their progeny which two decades later provided for the 
planting of more than 26,000 acres of abac& in Costa 
Rica, Guatemala, Honduras, and Panama. The full 
40,000-acre venture, it is expected, will supply from 50,- 
000,000 to 60,000,000 pounds of Manila fiber each year, 
this total being enough to meet about half the pre-war 
demand of the United States. 


Atajo 
ECTIONAL radio antenna masts of tubular plywood, 
flown in to captured airfields, are another recent util- 
ization of plastic-bonded veneers in war. Supplied in 50- 
and 75-foot heights, the masts are made of plywood 
tubes four inches in diameter, with walls three-eighths of 
an inch thick. The sections are joined by sleeve couplings. 
Three men can erect the mast and have the radio in oper- 
ation within 30 minutes. Two miles of the plywood sec- 
tions — enough for 150 of the 75-foot masts, can be loaded 
in a single trailer truck. @ In use for more than a year in 
the manufacture of 12-cylinder aircraft engines, a practi- 
cal method of bonding pure aluminum to steel was re- 
cently announced. The new process produces a chemical 
bond between the two metals, thus making possible ready 
heat transfer from the steel barrel of an engine cylinder to 
aluminum cooling fins and also rendering ineffective the 
difference in expansion characteristics of the two metals. 
It hence marks a distinct advance over the earlier method 
of shrinking an aluminum muff onto steel cylinder barrels, 
which could produce but mechanical contact between the 
two surfaces, with resultant variations in heat transfer. 
Applications of the process to other needs, such as alumi- 
num-bonded steel-backed bearings, cladding of exhaust 
systems, and assemblies for heat exchangers, are being 
developed. @ Twenty-eight sets of precision aircraft 
engine parts can now be supplied for the price which ten 
such sets commanded last year. The saving is regarded 
as largely the result of further application of mass produc- 
tion and standard industrial tooling practices to the 
manufacture of military matériel. Recent announcement 
of contract renewal for the production of 4,500 bombing 
planes brought forth comment that the price of. these 
planes in 1944 will represent an aggregate saving to the 
government of more than $450,000,000 over the prices of 
two years ago. @ The pith and fiber of the scrub pal- 
metto, which has hitherto been considered a worthless 
plant, are being processed into ordnance items and such 
civilian goods as wallboard, floor and wall tile, cold-stor- 
age insulation, steam-pipe coverings, gaskets, plugs, 
spools, fishing-rod handles, brush bristlés, upholstery, 
and twine. The supply of palmetto is judged inexhaust- 
ible; Florida contains 17,000,000 acres of land dotted by 
the scrub. @ A technique similar to that used in powder 
metallurgy is employed in pressing powdered glass into 
shapes and fusing it by heat. @ Identifying threads in 
paper currency, formerly made of silk, then of nylon, now 
are of dyed cotton. @ Investigators studying nitrogen 
as a substitute for air in filling (Concluded on page 458) 


















Inventor's Progress 


How Hermann Lemp Began with Thomas Edison and Continued 
with Elihu Thomson a Career of Interest and 
Value in Electricity and Industry 


By Davin O. Woopsury 


switched the current off his electric locomotive 

and jumped to the ground. The temperamental 
contraption had suddenly gone into reverse, thrown 
Hermann Lemp off, and run over him. But Lemp had 
nimbly crawled from under and sat in the ditch rubbing 
his bruises. When one worked for Edison, emergencies 
were everyday affairs. It was part of the job to jump 
clear instantly when the unexpected happened. 

Satisfied that he had not damaged his young assistant, 
Edison returned to the visiting railroad magnate to 
whom he was trying to sell his locomotive, and threw on 
the power. Lemp watched them plunge around the next 
bend without him. This was the life of an Edison man at 
Menlo Park in 1882. 

At that time Hermann was 20 years old —a young 
Swiss immigrant who had worked for Edison less than 
six months. He had come to this country with the pro- 
verbial dime in his pocket, asked for a job with the most 
famous man he could think of, and got it. Edison was 
then tackling the gigantic problems of erecting an in- 
candescent lighting system in New York. He needed 
every enterprising young man he could get. 

Lemp’s first job was to assist Edison’s designer, 
Herman Claudius, in building a model of the proposed 
distribution system for lower Broadway. The model was 
to be made out of German silver wire. Lamps and feeders 


\" you killed, Mr. Lemp?” Thomas Edison hastily 


At the 26th annual meeting 
of the Edison Pioneers on 
February 20, 1943, Her- 
mann Lemp forgathered 
with others associated with 
the great inventor. Left to 
right are Edwin W. Ham- 
mer, who was at that time 
the retiring President of the 
organization; Mr. Lemp: 
Rear Admiral Harold G. 
Bowen; Charles Edison, *13, 
then governor of New Jer- 
sey; J. Parker Hickman; 
and Frederick W. Jesser, 
who succeeded Mr. Hammer 


as president of the Pioneers. 


were represented by small resistance coils; by experi- 
menting with the model to obtain a 2 per cent voltage 
drop at the end of each circuit, Lemp hoped to calculate 
the necessary feeder copper exactly. He succeeded so 
well that Edison put him to work inventing a machine 
which would make incandescent lamp filaments out of 
cotton thread. All the available skilled labor in New York 
could not make them fast enough by hand. 

Hermann took the assignment very seriously and 
toiled for days over a drawing board working out his 
ideas. One day Edison suddenly leaned over his shoulder 
and said: “Lemp! You’ve lost a whole week making 
those drawings. Why don’t you build the machine?” 

That was the beginning of Lemp’s real understanding 
of invention, American style. You plunged straight into 
a job, thinking on your feet, visualizing, carrying out 
ideas with such materials as were at hand. You built the 
invention first, then went back and designed it after- 
ward. It was a procedure hé learned to use constantly 
one that made him the author of more than 200 patents, 
many of them basic to our present way of life. 

When the thread twister worked, Lemp got a leave of 
absence to return to Switzerland to get married. But the 
home country held little allure. Hastily he returned to 
America with his bride and went to work again for 
Edison, taking care at once to become an American 
citizen. “If I’m going to live in a country,” he said, “I’m 
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An arc lighting machine regulator which Mr. Lemp invented for 
the Schuyler Electric Light Company in Hartford, Conn. 


going to be one of them.”’ Soon he was promoted to chief 
tester of switches and sockets in one of Edison’s manu- 
facturing outfits. Tiny Mrs. Lemp went to housekeeping 
in an equally tiny flat, and without knowing a word of 
English set about making a home for her husband in this 
exciting new land. 

The famous Pearl Street power station had just opened 
for business, and operated perfectly, although the pre- 
diction had been made that incandescent lighting would 
wreck New York. Edison, however, ignored his critics, 
perfectly confident that he could force the city to switch 
from gas to electric light. He was showing the same 
furious drive that had caused a young British employee 
of his Edison Telephone Company in London to remark: 
“These Americans are crazy. They insist on being slave- 
driven with genuine American oaths. They work with 
ferocious energy out of all proportion to the actual 
results achieved.” Invective worthy of George Bernard 
Shaw himself. And with good reason, for it was Shaw who 
said it, upon being fired from Edison’s employ. 

By Christmas of 1882, 5,000 incandescents burned in 
New York, although Edison had stopped giving the 
current away free. Gas company shares were dropping 
like lead weights on the stock exchange, while Edison’s 
had gone from $100 to $3,500 in three months. Hermann 
Lemp, too, was on his way up and was soon holding down 
a good job in the Schuyler Electric Light Company — an 
independent concern in Hartford, Conn. Here, with 
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Merle J. Wightman, he invented an automatic cutout 
which allowed incandescents and arc lamps to be burned 
on the same circuit. 

As the decade of the Eighties progressed, powerful 
rivals appeared. Elihu Thomson, of the Thomson- 
Houston Electric Company in Lynn, invented an incan- 
descent that burned longer than Edison’s, and devised 
the alternating-current system for distributing current. 
Westinghouse added valuable transformer patents, and 
by 1887 the Battle of the Currents was on in earnest. 
Edison’s country-wide system of direct-current power 
stations was under full attack; his competitors were 
buying men and plants away from him right and left. 
Schuyler Electric fell to Thomson-Houston, and Lemp 
was one of the assets that went with it. Thus in that year 
he found himself transplanted to Lynn to become, in a 
short time, an assistant to Thomson himself. 

Lemp arrived at his new job with some awe, for 
Professor Thomson was a scientist of international 
reputation who already had marketed a successful arc- 
light system, had invented the repulsion-induction motor, 
and was becoming world famous as the father of electric 
welding. Lemp expected to find Thomson a lofty, distant 
gentleman, never to be spoken to unless he spoke first - 
“‘a man aloof, unapproachable, a kind of domineering 
intellect,” as he expressed it. So for the first few weeks 
he kept to himself at his bench in the “model room” and 
worked hard and silently. 

In this model room he soon fell in with another em- 
ployee who seemed almost as young and quite as shy as 
himself. They chatted pleasantly about the work and 
became good friends. Thinking that it would be nice to 
have an ally when the great Thomson finally appeared, 
Lemp asked the shop foreman who this pleasant young 
man was. 

“Him!” cried the foreman. “You mean to say you 
don’t know? Why, that’s Professor Thomson.” 

The professor took an instant liking to this young 
fellow, who obviously possessed the inventor’s resilient 
mind and mechanical courage. Presently he began to give 
Lemp original problems to solve: the designing of 
switches, fuses, and lightning arresters for the new 
electric “trolley car’ — new applications for the mag- 
netic blowout principle he had patented five years before. 
It was the professor’s delight to do his inventive work 
with a younger man at his elbow, in a kind of teacher- 
and-pupil relationship. Explaining everything as he went 
along, sharing the problems, putting the protégé on his 
mettle, he invariably inspired his assistant to do impor- , 
tant thinking of his own. Lemp thus became a perfect 
anvil upon which Elihu Thomson could strike out a 
constant shower of sparks. The two spent hours together, 
discussing, planning, talking over everything under the 
sun. Out of this relationship came such important new 
devices as the first oil switch, the constant-current trans- 
former, and the earliest integrating wattmeter. 

Lemp adored the professor, as everyone who knew him 
did; often they would walk home together in the evening, 
oblivious to everything but the technical point in dis- 
cussion. Sometimes they would stand on a street corner 
for an hour, thrashing out some detail to be accomplished 
on the morrow. Lemp came to have the position of an 
affectionate attendant, watching over the professor, 
answering to his every mechanical need, ready always 
with an attentive ear, a bit of needed information, 
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sometimes even with good advice. But he was ro 
also a skillful and original engineer in his own 
right, and Thomson presently took cognizance 
of that fact. 

Electric resistance welding was by all odds 
the most important invention occupying Pro- 
fessor Thomson at this time. Ten years before, 
he had hit upon the principle while lecturing 
before the Franklin Institute in Philadelphia. 
But being absorbed then in building dynamos 
and are lamps, he had not patented the idea till 
1885. Now, two years later, he had devised the 
famous “‘jew’s-harp” transformer, using a single 
hinged loop of heavy copper bar for the second- 
ary winding. Welding currents of 1,000 amperes 
or more could easily be obtained with it from 
the 110-volt mains in the plant. Other, more 
compact welding apparatus had followed. The 
art had become a commercial prospect of such 
great promise that the professor had decided to 
organize a separate company to exploit it. 

In the fall of 1888 Thomson offered Lemp the 
position of chief engineer in the Thomson 
Electric Welding Company. “‘ We need a man,”’ 
he said, “who is not afraid to tread on virgin 
soil. I think you fill the bill.” With quiet confidence 
Hermann took the job, and remained in it seven years. 
Setting up the jew’s-harp coil and other welders in a tiny 
building near the plant, he began demonstrating to 
astonished visitors the welding of iron bars and links of 
chain. Soon butt welds could be made in rods an inch in 
diameter. 

The magic of the new art brought scores of manu- 
facturers to the plant, and Lemp and his assistants 
arranged demonstrations calculated to impress each one 
in his special field. Practically every visitor immediately 
placed an order for a machine. In no time at all, Thomson 








The first rotary converter for electric resistance railway welding, 
one of Mr. Lemp’s most important contributions 


A street railway welding train, utilized in the 





biggest welding job of the 
Nineties — that of joining streetcar rails 


welders were going out to the wire mills, hardware 
makers, carriage .builders, wheel and pulley manufac- 
turers, and especially the chain and cable people. Links 
as large as two inches in diameter could be joined by a 
machine which Lemp designed for the purpose. One of 
the most important early applications was the welding 
of the cables used to pull cars over the Brooklyn Bridge. 
And, undaunted by extremes, he built a tiny machine for 
welding gold wedding rings. 

It was Lemp who gave Hiram Percy Maxim, ’86, his 
start by hiring him as a draftsman. Maxim’s father had 
invented the machine gun some time before, and Percy 
himself was much interested in ordnance. So when a 
proposal was made by the Army that a new type of 
armor-piercing shell be made with a hardened steel 
point welded to a soft body, Percy Maxim was put in 
charge of a special plant to make them. 

By all odds the biggest welding opportunity of those 
days was the joining of streetcar rails to make a perfect 
electric circuit and eliminate noisy rail joints. The com- 
pany had put out a machine to be wheeled along the 
track, operating on the direct current from the trolley 
wire itself. But, as welding was done with alternating 
current of pressure of a volt or two, it was necessary to in- 
clude a motor-generator unit to make the conversion. This 
not only gave much trouble but was bulky and expensive. 

While struggling with this problem, Lemp happened 
to read a German article describing a novel type of 
engine-driven Schuckert dynamo, which had the usual 
direct-current commutator on one end of the shaft and 
alternating-current slip rings on the other. Either kind 
of current could be delivered, as application demanded. 
Thinking it over, Lemp wondered what would happen if 
the engine were dispensed with and direct current were 
fed into one end of the machine. Could alternating 
current be drawn from the other? That is, would the 
machine function as a rotating switch? 

Taking a standard direct-current dynamo from factory 
stock, he made the necessary changes in connections and 
found the idea worked perfectly. (Continued on page 436) 
















































British Industry and Research 


The Science That Directs Skilled Craftsmen Will Be of 
Greater Importance Than Ever After the War 


By Sir Harotp Hartley 


more than ever before upon the efficiency and 

progressiveness of our industries. The loss of our for- 
eign investments and the possible diminution of the pay- 
ments to us from abroad for services rendered will neces- 
sitate a considerable expansion in the value of our exports 
if we are to increase or even maintain our standard of liv- 
ing. Furthermore, this increase in exports will have to be 
brought about despite the industrialization of other coun- 
tries which before the war were mainly producers of raw 
materials. Success can be won only if British products 
are better, more attractive, or cheaper than those made 
by our competitors or in our customers’ own countries. 

Similarly in the home market, our own products must 
hold their own, and we must make the most of the limited 
range of our native raw materials. 

This formidable task can be achieved only if we use to 
the full our inventiveness and technical skill both to 
increase the efficiency of our older industries and to de- 
velop new commodities which will hold their own in the 
markets of the world. In the Nineteenth Century our 
natural genius and craftsmanship gave us industrial su- 
premacy, but we were then cultivating a virgin field and, 
until the close of the century, we had few competitors. 
Now the position is very different, not merely because of 
the growth of industry abroad but because the easy in- 
ventions and obvious developments have already been 
made. Nature now yields her further secrets only as a 
result of much more prolonged and careful searching. 
Haphazard inquiry must be replaced by organized and 
systematic study. 

Only research can refashion existing industries effec- 
tively and create new ones. Developments sometimes oc- 
cur with surprising rapidity, as was true with radio and 
rayon, and everyone knows the remarkable scientific 
developments, such as radiolocation, which have occurred 
under the stress of war. There is no reason why the post- 
war problems of industry should not equally be solved by 
scientific research, provided it is adequately supported. 
In the future the advantages Britain possesses in the skill 
and traditions of her craftsmen will depend more and 
more on the science that directs their efforts. Labor and 
research must work hand in hand. 

Germany and the United States are usually cited as 
outstanding examples of countries which have utilized 
the services of science in the development of industry to a 
far greater extent than have we in Great Britain. Direct 
comparisons are difficult and misleading in that much val- 
uable work has been done in the industries of this country 


"Lo prosperity of Britain after the war will depend 
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without its being specifically termed “industrial re- 
search,” whereas Germany, and particularly the United 
States, have given greater prominence and publicity to 
their industrial research activities, which they have recog- 
nized as possessing a definite sales appeal. Nevertheless, 
despite some outstanding exceptions, in Britain there has 
not been a general appreciation of the value of science in 
industry, and the amounts spent on research have been 
correspondingly less. 

The published figures of expenditure upon research in 
America show that the amount spent by that country in 
1940 ran into nundreds of millions of dollars. Figures for 
wartime expenditure on research in this country are not 
available, but a study of pre-war expenditure by both 
countries shows without question that this country spent 
nothing like enough in comparison with the United 
States. 

The greater use which the United States make of sci- 
entific knowledge is strikingly reflected in the character 
of their exports which, to a far greater extent than the 
exports of this country, are the result of modern inven- 
tion and design. It is important to emphasize that these 
contrasts are in no way due to any lower standing of 
British science. In both the world (Continued on page 438) 
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The Little Red Schoolhouse 


Lessons Learned in the Administering of Sponsored Research 


for War Will Be of Great Usefulness in Peace 


By James R. Kiuian, Jr. 


4 | YHE wartime activity of an institution such as 
M.I.T. is so extraordinarily different from the 
conventional activities of a college as to make 

comparison with the little red schoolhouse entirely ap- 
propriate. That schoolhouse, legend at least would have 
us believe, was a human beehive, with something new 
happening every minute. So it is with the Institute in the 
war, and so it bids to continue. Undertaking duties new 
and strange to an educational institution, we have ex- 
perienced nearly a fivefold increase in staff during the 
past three years, our expenditures have risen from some 
$4,000,000 a year to nearly $30,000,000, our peak enroll- 
ment has been 50 per cent greater than normal. 

It is well worth while to examine some of the fiscal 
and organizational aspects of this war research program, 
for from them we may well draw conclusions which will 
be useful in postwar activities. Sponsored research at 
Technology is now primarily a government affair; in 
years to come it will once more be chiefly an undertaking 
of industry and the Institute, and on a modest basis 
rather than the great scale now necessary. The present 
greater volume and intensity of the research program 
have provided an extremely valuable opportunity for 
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the development of techniques of administration and 
control which should be of especial validity and impor- 
tance in the planning of future programs at the Institute. 
The government and the Institute have learned together; 
the lessons will be useful to industry and the Institute. 

To begin, we should go back to the year 1940, which 
already seems very long ago and the events of which have 
already become difficult to reconstruct. It had been in- 
creasingly obvious for many months that war was almost 
certain for the United States, and this fact prompted 
several administrative moves at the Institute in the 
spring of 1940, designed to mobilize our efforts most 
effectively. One of the first things that we undertook was 
a census of Technology Alumni so that we should be 
prepared to meet demands for men trained in specific 
fields. Our second move was to take inventory of facilities 
and personnel at the Institute to determine what we had 
available and could most effectively offer to meet the 
scientific needs of the emergency. The catalogue of 
projects and programs compiled at that time was a good 
long-range forecast of what we have actually undertaken. 

I cite these preliminary moves to show that we were not 
playing a passive role in the pre-war days. Of more 
importance, we possessed a teaching staff of capacity 
and versatility who were willing to be bold in action and 
public spirited to a fault in undertaking more research on 
the top of heavier teaching loads. Milton’s famous 
sentence defining education aptly suggests the attributes 
ef this staff: “I call therefore a complete and generous 
education that which fits a man to perform justly, 
skilfully and magnanimously all the offices both private 
and public, of peace and war.” 

The modest dimensions of our research program for 
outside agencies in those pre-war days are interesting to 
recall. The Division of Industrial Coéperation in the 
fiscal year ending June 30, 1940, had some 36 active 
contracts, involving an expenditure of the order of 
$100,000 for the year, compared with our 1944 program 
which involves 189 contracts with a total expenditure 
which may run to $25,000,000. 

It was in November, 1940, that we first heard about a 
new project of the National Defense Research Committee, 
later to be known under the ambiguously informative 
title of “radiation.” Efforts had been made in several 
places in and about Washington to find housing for this 
new project, and finally the Institute was asked if it 


Embodiment of industrial research is this low-pressure cracking unit 
of a petroleum plant in Baton Rouge. 
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might squeeze out some 11,000 square feet of space to 
give the projected research a local habitation and a name. 
I well remember the difficulties we had in justifying the 
commandeering of this much space for an outside project 
and our naive assumption that this would probably be 
the maximum amount of space we could make available. 
Naive indeed when we now look about us. The project 
occupies in excess of 15 acres. 

By the time the shooting actually started, the number 
of outside sponsored research projects at the Institute 
had increased to 80 and we had made a fast start in mo- 
bilizing our maximum facilities. For the projects that were 
started in the fall of 1940 and the winter of 1941, we did 
not have a single completed contract until late spring. We 
did not stand upon the order of contracts but went to 
work at once. Ways and means could be found later. 

One of the reasons why contracts took so long for 
completion was that both the Institute and the govern- 
ment had to learn how to draw contracts to cover this 
type of work. A policy on patents, for example, had to be 
formulated, and many months were required to reach 
general agreement. More importantly, a formula for 
reimbursement had to be found which would apply to the 
special conditions obtaining in nonprofit, charitable 
foundations, such as educational institutions. The chair- 
man of the National Defense Research Committee had 
quite properly enunciated the idea that educational 
institutions should undertake government research on a 
no-profit, no-loss basis and the institutions themselves 
readily agreed that this was proper. In practice, however, 
difficulty was encountered in defining in precise ac- 
counting terms what is meant by no profit, no loss. 

I think it is true that however long contracts were 
delayed and however frequently we started or actually 
completed projects before even receiving letters of intent, 
there has not yet been a case where we have not ultimately 
been able to obtain reimbursement from the government. 
We have found the government’s contracting officers 
fair, reasonable, and competent. We have tried to meet 
them with complete candor with respect to our costs 
and procedures. 

Prior to the war, the total number of employees at the 
Institute totaled approximately 1,100, of whom about 
600 were staff members and the remainder other types of 
employees. The latest census indicates that the Institute 
now has approximately 5,000 employees, of whom 1,8Q0 
are professional staff. This growth of personnel has 
brought about problems of management new to the 
Institute, and we have had to devise administrative 
procedures for meeting them. With such an expanding 
personnel, problems of salary and wage policy have grown 
and extensive personnel services have been organized to 
handle them. A year ago, President Compton appointed 
a committee of the Corporation to review our salary and 
wage policies, particularly as they affected the Radiation 


Laboratory. The committee approved the general salary - 


levels and policjes in effect, making recommendations as 
to changes in details but not in over-all policy. We had 
previously established a joint wage board to co-ordinate 
the wage and nonstaff policy of the Institute proper, the 
Radiation Laboratory, the Chemical Warfare Service, 
and the Division of Industrial Coéperation. Its work had 
been so effective that the committee of the Corporation 
recommended a similar board for the co-ordination of 
salary policy in the various major divisions of the institu- 
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tion. At the present’ time, basic salary scales are estab- 
lished for all war projects and no departures are made 
therefrom without the approval of this salary board. 

We likewise have found it necessary to provide a new 
method for handling patents. The well-established Fac- 
ulty Committee on Patent Policy has concerned itself 
primarily with questions of invention and equity involv- 
ing members of the staff. This work it continues to do. 
Matters, however, having to do with the financial aspects 
of inventions and of contractual arrangements with the 
government and licensees are now handled by a Patent 
Management Committee. 

The patent policy which has been adopted to meet the 
special conditions surrounding war patents conforms to 
the distinctions of the patent clauses in our war contracts, 
of which the “short form” renders all patent rights 
assignable to the government and the “long form” 
permits the contractor to file an application if it chooses, 
granting a nonexclusive, royalty-free license to the 
government for use for military, naval, and national 
defense purposes. 

If, however, the government disclaims any interest 
in an invention which arises in work being done under 
a short-form contract, the Institute determines first 
whether it wishes to file an application. If it does, it then 
seeks to establish a mechanism whereby any income 
received from the patent will be distributed among the 
educational institutions which have lent personnel to the 
laboratory doing the work, in accordance with the pro- 
portion of representation of the institutions. If the 
government and the Institute both elect not to file, the 
institution from which the inventor is on leave has the 
privilege of filing and prosecuting the application at its 
own expense, and enjoys the entire right, title, and 
interest in any patents resulting. 

In handling inventions which arise under the long-form 
patent clause and upon which the Institute elects to file 
for letters patent, we are guided by the following prin- 
ciples: We will file only on those inventions to which the 
Institute and its own staff have made a contribution 
sufficiently substantial to warrant an equity in peacetime 
patent uses. Regardless of the Institute rights set forth 
under the long-form patent clause, M.I.T. will waive 
such rights on patentable inventions which have arisen 
wholly from research financed entirely by the govern- 
ment and to which the regular Institute staff have not 
contributed significantly. Any income derived from pat- 
ents in accord with the foregoing principles will be used 
by Technology solely for the support of its educational . 
and research programs. 

In all of these arrangements, the Institute reaffirms the 
principle of appropriate participation by the inventor in 
the benefits of his invention and proposes to continue the 
arrangements existing under its present patent policy, 
whereby the contributions to invention by individual 
staff members are recognized by a share in any income 
which the Institute receives from their inventions. 

The costs of war research at the Institute are sum- 
marily presented in Fig. 1, which shows the percentage 
distribution of the war research dollar based upon our 
complete cumulative total of expenditures since the start 
of the war and including all projects at the Institute. 
Notable is the small amount of expenditure in categories 
other than salaries and wages, and materials and services. 
The astonishingly low percentage that has gone into 
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overhead is effected by the inclusion of the Radiation 
Laboratory in this total and by the fact that this over- 
head is a percentage of total expenditures and not of 
labor. Actually we find that our overhead costs on 
government contracts other than Radiation run at least 
50 per cent of labor. In the large Radiation Laboratory 
project we have been able to transfer many types of 
overhead costs to direct expenses met by the government, 
and this transfer is reflected in the low percentage shown 
in the chart. 

There seems to be some general misconception about 
the nature of this overhead and its effect upon the In- 
stitute budget. Under the principle of no profit and no 
loss, the overhead allowance which we receive has been 
calculated to reimburse the Institute for those types of 
necessary expenses which are not directly chargeable to 
the government but which nevertheless are actual ex- 
penses incurred by the institution. The overhead income 
received 6n government contracts is not a surplus and is 
not contributing toward any reserve against which we 
can draw for other expenses. In fact, all the income on 
government research goes directly into the Institute’s 
operating income to aid in balancing our over-all budget. 
We have been much concerned about how to arrive at an 
overhead allowance that leaves us without loss or profit, 
a rather metaphysical concept which has perplexed 
auditors and accountants accustomed to dealing with 
profit-making enterprises. 

In effect, the system of evaluation which has been 
developed results in the sponsored research’s carrying 
its proportional share of all the Institute’s overhead, and 
this is apparently coming to be accepted as a proper 
definition of no profit, no loss. Our contracts specify an 
overhead allowance equal to a fixed percentage .of labor 
costs. In our relations with the Office of Scientific Re- 
search and Development, a maximum overhead on all 
contracts is agreed upon each year. 

With the annual expenditure for war research running 
close to the Institute’s total resources of endowment 
and funds, an error in determining this overhead on the 
red side of the ledger might, however small in percentage, 
seriously affect the Institute’s: financial stability. We 
now feel that we can avoid any such errors, but there re- 
mains one hazard that no one has so far been able to 
define, and that is the expense or liability which may 
arise after terminations of the contracts and which 
cannot be anticipated at present. An example would be 
that years hence the General Accounting Office might 
decide that some types of expenditure under these 
contracts were improper and we should be called upon to 
make reimbursement to the government. We have no 
defense against this kind of future contingency. At least, 
no way has at present been found to permit colleges 
contracting with the government to set up any reserves 
against such a hazard. It is also possible that our charges 
for maintenance and operation may be inadequate to 
cover the depreciation which is going on at the present 
time in our equipment and buildings. 


S I have suggested, industry was beginning to turn 
to the Institute to an increasing extent before the 

war for the solution of fundamental industrial research 
problems. This trend will probably be accelerated after 
the war as a result of our record in war research and 
further as a result of the growing belief on the part of 








Fig. 1. Percentage distribution of the war research dollar at M.1.T. 
for the period ending June 30, 1944 (1943-1944 estimated) 


industry in the efficacy and necessity of fundamental 
research. The experience which we have gained during 
the war will stand us in good stead in handling such 
research when it comes. The volume, of course, will be 
and should be small compared with the present war 
program. We shall want to return to a program that 
bears some reasonable relationship to our educational 
activities, and not to go beyond this point. 

Institutions no less than living organisms probably 
have some optimum size beyond which they cannot go 
without unfortunate results. Birds, as J. B. S. Haldane 
points out, can fly and soar efficiently; but an angel 
aspiring to similar flight, and with muscles developing 
no more power weight for weight than a bird’s, would 
require a breast projecting about four feet to house the 
muscles engaged in working its wings — not a comely 
prospect for an institution accustomed to free flight. 

We have been trying to clarify our philosophy in 
regard to research undertaken by contract. In line with 
this objective we have studied a new type of organization 
that seems to be spreading rapidly among American 
college institutions, the so-called research foundation. 
Many institutions are setting up separate corporations to 
hold patents and to deal with industry in handling 
contracts for research. The Wisconsin Alumni Research 
Foundation is an example of a patent-holding corporation, 
and the Purdue Research Foundation is a good example 
of a corporation acting to promote industrial research 
as well as to hold patents. 

The establishment of many of these foundations has 
resulted mainly from restrictions circumscribing the 
activities of the universities and making it difficult or 
impossible for them to contract with industry or to make 
a profit or to benefit financially from research. In the 
main, the institutions so restricted are state institutions. 
Another objective in establishing the foundations has 
been to centralize research relationships with industry 
and to establish uniform research policies among the 
various schools and departments (Continued on page 444) 
































Bread and Battle 


The Influence of Food As a Factor in the Civil War Offers 
Light on Problems to Be Expected Today 


By GrorcE Fort MILTON 


OOD is a weapon. This axiom of the great military 
Pr commanders has had constantly increasing influence 

upon the policy of the United States Government 
in World War II. 

We are all familiar with the Napoleonic remark that 
“‘an army marches on its belly.” But this principle of 
strategic statecraft has a much larger sweep than the 
provision of chow for the soldier. There is another maxim, 
attributed to Wellington, the conqueror of the Little 
Corsican, to the effect that no army can fight if the people 
behind the front are starving. Considerations of this 
character caused our government to set up, under the 
Department of State, an Office of Foreign Relief and 
Rehabilitation Operations to see to it that no such threat 
might lurk in the rear when our armies land on the coasts 
of Europe. Therefore practical as well as humanitarian 
considerations joined in leading Herbert H. Lehman to 
resign as governor of New York to become director of this 
new agency, which has subsequently been made part of 
the Foreign Economic Administration. 

Food has been a weapon in nearly every American 
conflict, but in none so conspicuously as the Civil War, in 
which the achievements of the farmers of the loyal states 
not only fed both soldiers and civilians but also furnished 
exports which were indispensable to the financing of the 
war. Theirs was an extraordinary record of increased 
production, which may throw light on problems of today. 

Even before Beauregard’s guns opened on Sumter, the 
secession of the cotton states had confronted the trun- 
cated Federal Union with a heavy financial problem. 
Theretofore, the nation’s chief exports with which to meet 
the heavily adverse trade balance had been cotton and 
tobacco. No longer would these be available, and the 
Lincoln administration hoped against hope that some 
prairie farm products could be sent abroad in greatly 
increased quantities to command the necessary foreign 
funds. Could this be done? 

The new Confederate States of America had an equally 
difficult but quite different sort of agricultural dilemma. 
For half a century, Dixie’s agriculture had been geared to 
the production of staple crops for export, either to Europe 
or to the manufacturing and processing centers north of 
the Potomac and the Ohio. At first, President Davis and 
his chief political advisers lived in a world of illusion. 
They advanced the thesis that “cotton is king”; the 
spinners and weavers of Manchester, Lille, and Chemnitz 
would starve unless the South’s fleecy staple continued to 
flow to them. 

The Davis government had only to forbid export of 
cotton, therefore, to force Britain and France to recog- 
nize the independence of the Confederacy, break the 
Federal blockade, and bring victory to the Southern 
cause. Davis installed the embargo and persisted along 
this path of folly for more than a year. Not until the fall 
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of 1862 did the Confederate authorities put their weight 
behind blockade-running. At the same time, and out of 
sheer necessity, they sought to effect a partial conversion 
of the South’s agricultural habits from cotton and tobacco 
to food and feed for military and civilian needs. 


HE agricultural conversions in the North and South, 

while largely coincident in time, were different in 
purpose and in accomplishment. The difference between 
them stemmed out of the contrasting paths of agricultural 
development, with its resulting discrepancies of social 
attitudes. 

Between the time that Eli Whitney’s gin had enthroned 
King Cotton, and the great secession over 60 years later, 
cotton fundamentally conditioned the South’s economic 
structure. This was because the Southern planters be- 
lieved that it afforded the only agricultural production to 
which slave labor could be profitably devoted. This result 
had been reached by a process of trial and error extending 
over many years. In the beginning, slavery had been an 
experience common to the American colonies. All of them 
had found that if slavery were to pay, three things were 
necessary: The slaves must be put to tasks requiring only 
simple techniques; they must be worked in groups or 
gangs in order that the cost of supervision could be kept 
low; and, finally, they must be kept busy for most of the 
year to reduce the time the owner would need to keep 
them in idleness. If these conditions could not be met, 
slave labor would cost more than free labor. 

The climate in the Northern colonies lent itself to none 
of these three requirements. Slavery there proved un- 
profitable and was given up. In the Eighteenth Century, 
until after the Revolution, the planters of Maryland, 
Virginia, and North Carolina thought such characteristics 
existed in tobacco culture; but by the time of the estab- 
lishment of the new Union, tobacco profits were falling 
off. With decreasing success, South Carolina had sought 
to adapt slave labor successively. to the growing of indigo, 
tea, and rice. But Whitney’s gin presented the slave- 
owner with a specific agricultural technique which met all 
three of the conditions under which slave labor could be 
made to pay. It made cotton growing immediately and 
immensely profitable. It dominated Southern economic 
and social attitudes, and channeled the change in the 
state of the arts in the Dixie states. 

This Southern concentration on cotton growing gave a 
shock to the general American development. Until it 
began, there had been a substantial homogeneity among 
the original 13 states. Two dominant American traits had 
manifested themselves in Southern as well as Northern 
states: a genius in the organization of economic and social 
processes, and an uncanny ability among the people, 
confronted with some immediate problem, to improvise a 
solution and apply it. 
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These traits, which might be termed a social function 
of the Anglo-Saxon settler’s problem of terrain, enabled 
him to meet the challenges of his new physical environ- 
ment. All the seaboard states had relatively scant popula- 
tions, who had to manipulate an unwieldy mass of area 
and subordinate it to man. All were confronted with the 
problems of distance, transport, and communication. All 
must discover or invent the apparatus of government for 
great territories. All must break the Appalachian barrier, 
spoliate the Indian lands, fell the forests, subdue the land 
to agriculture, and supplement the production of raw 
materials with processing and manufacturing activities. 
These challenges to action developed the vital American 
trait of organizing large areas into a common pattern for 
similar service. 

But when cotton became king, the South’s further 
expansion westward was for the specific purpose of sub- 
ordinating new areas to the old pattern of cotton culture. 
The Southern planter organized for cotton culture by 
slaves and set up the methods for its control. But once he 
had done this, he was cold to agricultural diversification, 
new plantation techniques, and new methods of labor 
organization and control. The South’s expansion involved 
forcing new areas into old molds, and from 1820 to the 
Civil War, the main patterns of Southern agriculture as 
well as her economy in general were frozen and unyielding. 
This was true despite the scientific agricultural work of 
Edmund Ruffin in Virginia, the attempts of James D. B. 
DeBow to portray the dangers of one-crop economy, 
and Hinton R. Helper’s warnings of impending trouble. 
It took the Civil War itself, with the South’s resultant 
loss of foreign markets for cotton and tobacco, to bring 
amendment. 

In contrast, the westward march of the peoples of the 
North gave a continuing development to the earlier 
national traits of organization and improvisation. North 
of the Ohio, the moving edge of civilization was flexible 
and adaptable to the condition of the immediate spot. The 
North’s expansion invited the adaptation of life to the 
prairies and then the plains. 

The census figures for the year of secession testify to the 
effect of these different development patterns. The area of 
land within the 22 loyal states (exclusive of territories) 
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Beginnings of mechaniza- 
tion in American agricul- 
ture were another applica- 
tion of horsepower, as in 
this early J. I. Case thresher, 
which was first put on the 
market shortly before the 
Civil War. 
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was about a million square miles; that claimed by the 
Confederate States over 750,000. Land under cultivation 
was in greater contrast: 105,000,000 acres in the North, to 
57,000,000 in the South. The estimated cash value of the 
South’s cultivated land was only a little over a third of 
the almost five billion dollars put on that of the North. 

The record of farm crop productions is quite as signifi- 
cant. In 1839, the nation’s total wheat yield had been but 
84,000,000 bushels. Throughout the Forties and the 
Fifties the swift westward movement of the pioneers had 
put tens of thousands more prairie acres to the plow, and 
1859’s wheat yield was more than double — 173,000,000 
bushels. In these two decades the corn production almost 
trebled, from 317,000,000 to 838,000,000 bushels. But as 
the totals went up, the border and southern states’ share 
in them kept declining. In the earlier year, Tennessee’s 
corn yield had exceeded that of Illinois; 20 years later it 
was but a third of it. When the Civil War broke out, the 
seceded states produced but a third of the nation’s total 
grain yield — so little, in fact, that they were having to 
import wheat, corn, and other grains to make up food and 
feed deficiencies. 

The South’s cotton economy contained within itself 
the seeds of disaster, and these were sown in the very 
first year of the war. No sooner had the Confederate 
Government established itself in Richmond than Jefferson 
Davis put cotton exports under the Confederate ban. 

For a period of several months, before the Federals had 
much more than a paper blockade, the South had the 
physical opportunity to ship abroad to depots of deposit 
in Britain, France, and the Low Countries hundreds of 
thousands of bales of cotton, which would then have been 
available for credit or cash for purchases overseas. But, 
with exemplary fatuity, the Davis government im- 
pounded the cotton at home and even raised strenuous 
objections to the shipment to England and France of 
bales already purchased and paid for by buyers overseas. 
By the fall of 1861, the blockade had become a reality, 
and the Confederate chance for unimpeded export was at 
an end. 

The Southern “fire-eaters” had theorized that the 
blockaders really were allies of Dixie, because anything 
that kept cotton from the mills (Continued on page 446) 
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Welcomed into the Cater- 
pillar Club by Lieutenant 
Colonel Roger Q. Williams, 
famous trans-Atlantic flier, 
Lieutenant Leon Crane, ’41, 
on his return to Ladd Field, 
Fairbanks, Alaska, after 84 
days in the wilderness, points 
out the region over which he 
was forced to bail out of a 
disabled Liberator bomber. 


Offctal photo, Untied States Army Atr Forces 


Safe and Sound 
QO « of the subarctic Alaskan wilds safe and sound 


on March 14 came Leon Crane, *41, returning to 
Ladd Field, Fairbanks, Alaska, after a period of 
almost three months from the day when he bailed out of a 
disabled Liberator bomber. Disappearing in a snowstorm 
high above the Alaskan mountains just before Christ- 
mas, he and four others of the crew of the craft of which 
he was copilot were given up for dead on January 8. 
Wide-ranging organized search by their comrades in the 
Alaskan wing, Air Transport Command, had failed to 
reveal a trace of the lost plane or its crew. Lieutenant 
Crane spent the first nine days of his ordeal without food, 
huddling much of the time in the folds of his parachute to 
keep from freezing. His 84-day stretch is the longest any 
flier of the Alaskan wing has been lost and come out alive. 
Crane’s plane took off from Ladd Field at Fairbanks on 
December 21 on a propeller test mission. Trouble with 
the craft, in which the flight indicators went out and one 
of the outboard engines gave way, sending the plane into 
a spin, led to orders to bail out. Parachuting down, Crane 
heard the plane explode when it hit the ground. He landed 
an estimated 10 miles away from where the plane struck. 
Following a stream, he holed up on its bank for the first 
lonesome days and thereafter traveled until he came on a 
small cabin used by a watchman, where there was a cache 
of food. Here he stayed alone for about three weeks, and 
then decided on a do-or-die effort to reach the outside 
rather than wait for the spring breakup of ice. Pushing on 
down the river trail, he at length encountered a trapper 
who later guided him to the mining camp of Woodchop- 
per, whence he was flown back to Ladd Field. He arrived 
there in good physical condition, and went to work help- 
ing in a renewed search for the four men still missing. 
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A native of Philadelphia, Lieutenant Crane was gradu- 
ated from Course XVI, having been a member of the 
senior and junior honors groups. He was a member of the 
Aeronautical Engineering Society during his undergradu- 
ate years at Technology, and of the Coast Artillery unit 
of the advanced Reserve Officers’ Training Corps. 


Retirements 


HE retirement of four prominent members of the 

Faculty, effective at the end of the academic year on 
July 1, has been announced by President Compton. They 
are Professor Walter R. MacCornack, ’03, Dean of the 
School of Architecture; Professor Ernest F. Langley, 
Head of the Department of Modern Languages; Professor 
Floyd E. Armstrong of the Department of Economics 
and Social Science; and Roy G. Burnham, ’00, instructor 
in the Section of Graphics. 

Dean MacCornack became head of the School of 
Architecture in 1939 upon the retirement of Dean William 
Emerson. He has been appointed an honorary lecturer, 
and after his retirement he will devote himself to a con- 
tinuation of his activities for postwar reconstruction and 
the development of a national policy for training archi- 
tects to meet the exacting demands of the future. Dean 
MacCornack is widely known as an authority on the 
design of school and college buildings. As a member of 
the board of education of Cleveland, Ohio, some years 
ago, he participated in the development of a $40,000,000 
school building program, and another of his important 
projects was the southern school building and industrial 
college program of the Julius Rosenwald Fund. Early in 
his career Dean MacCornack was associated with Guy 
Lowell, ’94, in the development of plans for the Boston 
Museum of Fine Arts. Thereafter, he was engaged by, 
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the Worcester Art Museum for the preparation of a 
program and preliminary plans for the museum building 
in that city. He has designed school and college buildings 
in Illinois, Ohio, Virginia, Kentucky, and Connecticut. 
Since 1930 he has devoted himself principaily to housing 
problems, and an example of his work in this field is 
Cleveland Homes, Inc., a public-works slum-clearance 
project in Cleveland, Ohio. In 1932 he was a member of 
the committee on large-scale housing at President Hoov- 
er’s Conference on Home Building and Home Ownership, 
and in 1936 he was appointed by the board of education in 
New York City to make recommendations for improve- 
ment in the planning, design, and construction of school 
buildings in New York City. He is a member of the 
United States Chamber of Commerce, and in 1943 he was 
re-elected vice-president of the American Institute of 
Architects. The Royal Institute of British Architects in 
1941 elected him an honorary corresponding member, one 
of the outstanding honors bestowed by British archi- 
tects. 

Dean MacCornack was educated at Knox Academy and 
Knox College at Galesburg, Ill., and was graduated from 
the Institute’s School of Architecture in 1903. During his 
distinguished career he has contributed in many im- 
portant ways to the education and training of archi- 
tects. He has been a lecturer in architecture at various 
universities, and during his years in Cleveland he gave a 
course of lectures on professional practice at the Cleve- 
land School of Architecture at Western Reserve Uni- 
versity. 

Professor Langley, who has been head of the Institute’s 
Department of Modern Languages since 1930, is a native 
of Toronto, Canada. He was graduated from the Univer- 
sity of Toronto in 1894, and in 1900 received the degree 


In the center of this por- 
tion of the aviation col- 
lection displayed in the 
Union Trust office of the 
State Street Trust Com- 
pany in Boston is the 
wind tunnel balance de- 
signed by the National 
Physical Laboratory, 
Teddington, England — 
the first accurate testing 
machine of its kind used 
in this country, which was 
in operation in the four- 
foot wind tunnel at the 
Institute from 1914 to 
1925. Many of the data 
for American planes in 
the first World War were 


429 


of master of arts at Harvard, where in 1909 he was 
awarded the degree of doctor of philosophy. He also car- 
ried on advanced studies at the universities of Paris, 
Leipzig, and Heidelberg, and the Instituto di Studi Superi- 
ori in Florence. From 1896 to 1910 Professor Langley 
taught at Dartmouth College, as an instructor and then 
as an assistant professor. He joined the staff of the In- 
stitute in 1910 as professor of French. Between 1925 and 
1930 he was a lecturer on romance languages at Harvard. 

Professor Langley is a member of the Modern Lan- 
guage Association of America, the New England Modern 
Language Association, the Dante Society of America, 
Association of Teachers of Italian, Harvard Musical 
Association, the American Academy of Arts and Sciences, 
and Société des Textes Frangais Modernes, Paris. In 1937 
he was elected president of the M.I.T. branch of the 
American Association of University Professors. He is the 
author of The Extant Repertory of the Early Sicilian Poets, 
and has edited many other works. 

A native of Michigan, Professor Armstrong was edu- 
cated at the public schools of Gladwin and at Bay City 
High School. He taught for three years in rural schools 
and served for two years in the grade school at Gladwin. 
For eight years he was country school superintendent in 
charge of rural schools and superintendent of the Gladwin 
public schools. 

In 1911 Professor Armstrong entered the Michigan 
State Normal College, and the following year transferred 
to the University of Michigan, from which he received 
the degree of bachelor of arts in 1914 and his master’s 
degree in 1916. While carrying on his graduate work in 
economics and law, he served as an instructor in eco- 
nomics. He joined the staff of the Institute in 1916 as an 
assistant professor, was promoted to associate professor of 
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computed on this instrument. Directly above it is a scale model of the DeHavilland 4 of that war, mounted in the position in which it was tested 
on the balance. To the left of that model is a scale model of the Vought VE-7 of 1917, which was tested on the balance. This was the forerunner of 
the present Vought-Sikorsky Corsair, reputed to be the fastest carrier-based fighter in the world. The other test model is of a “high-speed” fighter 


plane calculated for 100 miles an hour, which was designed as an undergraduate problem in aeronautical engineering at the Institute in 1917. 
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political economy in 1919, and became professor in 1926. 
He has lectured at Boston, Harvard, and Northeastern 
universities. In 1929 he was granted a leave of absence 
for a year for travel around the world. 

Mr. Burnham, a native of Essex, Mass., was graduated 
from the Institute with the degree of bachelor of science 
in 1900. He joined the staff of the Institute in the Depart- 
ment of Mechanical Engineering in 1902 as an assistant 
and became an instructor in mechanical engineering 
drawing in 1904, serving to 1935, when he was appointed 
an instructor in drawing in the Section of Graphics. Mr. 
Burnham has served as a member of the teacliing staff of 
the Lowell Institute School for 40 years and has also been 
an examining aid to the civil service commissioner of 
Massachusetts. 


Reunions in 1944 


HE gatherings which they held in connection with 

Alumni Day on February 26 were the only reunion 
events thus far planned for this year by the Classes of 
1884, 1889, 1899, 1909, 1924, 1929, and 1939. 

The annual Webster dinner of the Class of 1888 will be 
held in June at a place and on a date later to be an- 
nounced. 

The 50th anniversary of the Class of 1894 will be ob- 
served at the New Ocean House in Swampscott from 
' Friday, June 9, to Sunday, June 11, inclusive. 

Final decision on a June reunion has not as yet been 
made by the Class of 1904. 

The Class of 1914 will meet from May 26 to May 28 
at the Westchester Country Club, Rye, N. Y. 

The 25th anniversary celebration of the Class of 1919 
will be held from Friday, July 28, through Sunday, July 
30, at the Norwich Inn, Norwich, Conn. 

Saturday, June 3, and Sunday, June 4, will see the 
reunion of the Class of 1934 at a place in Connecticut 
which will be announced later by the reunion committee, 
which consists of Henry B. Backenstoss, Robert M. 
Becker, W. Leslie Doten, Jr., and John A. Hrones. 


Not for Quixote 


UCH a windmill as Don Quixote never would have 
tilted at was a decidedly interesting part of the 
agenda for the 237th meeting of the Alumni Council, 
held at the Smith House in Cambridge on the last Monday 
in March. As speaker of the evening, John B. Wilbur, ’26, 
Professor of Structural Engineering at the Institute, gave 
an illustrated talk on the Smith-Putnam wind turbine on 
Grandpa’s Knob in Vermont. Dr. Wilbur, who has been 
closely connected with the project since its inception, 
showed films depicting the construction of the generator 
and described in vivid detail some of the problems which 
were encountered in erecting it. Developing 200 kilowatts 
in a 20-mile wind, the turbine has two blades totaling 175 
feet in diameter, and mounted on a hub 120 feet above 
the ground. In a 30-mile wind, at which the génerator 
reaches its rated capacity of 1,000 kilowatts, the rated 
speed of the blades is 28.7 revolutions per minute, which 
gives them a tip speed of about 200 miles an hour. Dr. 
Wilbur’s close familiarity with the project gave his re- 
marks special interest, and his generosity in answering 
questions at the close of his formal talk was thoroughly 
exploited. 
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Business of the meeting, which was called to order by 
Francis J. Chesterman, ’05, President, included several 
reports, among which was that of Henry B. Kane, ’24, 
Director of the Alumni Fund, recording 8,852 contributors 
and $115,603.53 in contributions, an average of $13.10, 
for the fourth year of the Alumni Fund, which closed on 
March 31. These figures represent substantial increases 
over the preceding year. 

Resolutions in memory of Alfred S. Higgins, ’78, pre- 
pared by a committee including Arthur G. Robbins, ’86, 
George E. Russell, ’00, and F. Alexander Magoun, ’18, 
chairman, and resolutions in memory of Charles E. 
Greene, *10, prepared by a committee consisting of 
Herbert S. Cleverdon, ’10, chairman, John A. Herlihy, 
"11, and George I. Chatfield, ’28, were presented, being 
accepted by a silent rising vote. 

The life of a Navy V-12 student was described by Cort- 
landt F. Ames, 3d, of the Class of 10-44, who was intro- 
duced by President Chesterman as the undergraduate 
speaker of the evening, continuing the plan of having 
some phase of undergraduate interests and activities dis- 
cussed at each session of the Council. Mr. Ames told the 
story of a typical day at Technology in terms of the 
Navy unit, describing the different types of students in- 
volved and appraising the way in which different groups 
made the adjustment to the prescribed routine. His 
narrative was most interesting, and he evaluated the 
experience as satisfactory and profitable. 


Smooth Settling 


ECHNOLOGY Alumni still can get a chuckle out of 
the newspaper stories of some years ago which de- 
picted the Institute’s Cambridge home as swiftly sinking 
into the ground because the soft blue clay underlying it 
could not bear its weight. Settlements of as much as three 
inches had occurred by the time the construction of the 
main Institute group had been completed in 1916 and 
were the basis of many a rumor, one of which predicted 
that readers would live to see about half the first story 
disappear below ground. In spite of such forebodings, 
however, the buildings stand today as an example of a 
satisfactory foundation made under difficult foundation 
conditions. Settlements have varied considerably, from a 
minimum of about one inch at Buildings 1 and $3 to a 
maximum of about eight inches at Buildings 2 and 10. 
Another difficult and interesting foundation problem 
had to be solved at the Institute when the Alumni Pool 
was constructed, and enough time has now elapsed for a 
report on results. Though of course this building is very 
small in comparison with the area covered by the main 
plant, proper foundations for it presented a special ques- 
tion for two unusual reasons — one a natural condition 
of the site, the other a particular requirement growing out 
of the purpose of the structure. The first is clear in the 
drawing accompanying this article; it is the fact that at 
one point in the area, to the right of caisson 69 in the 
sketch, the layer of sand and gravel overlying the soft 
Boston blue clay disappears, so that no dispersion of 
stress through the sand blanket is possible and the load 
is conveyed directly to the clay itself. The second re- 
quirement characteristic of swimming pools was that the 
foundations must be so designed that differential settle- 
ment should be at the minimum. Proper drainage of the 
pool curb and proper appearance of the scum gutter of 
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A longitudinal section through the Alumni Pool building, showing typical caissons and subsoil conditions. Thinning out of the sand strata 

over the soft clay at the eastern (right) end of the structure necessitated special design considerations planned to prevent differential settlements 

greater than one-quarter inch. This exacting requirement was imposed because of the special purpos@ of the building, principally because of 
the necessity of keeping the scum gutter of the swimming pool level. 


the pool made this requirement necessary. Specifically, 
it was directed that differential settlements of the caissons 
supporting the pool should not exceed one-quarter inch 
—a far cry from the differential settlements of seven 
inches noted above for individual units of the main edu- 
cational buildings. 

Even with uniform foundation conditions free of hori- 
zontal variation, this requirement might have caused 
considerable concern; however, the variation in thickness 
of sand strata and the entire absence of sand at one point, 
which has been mentioned, added to the complication. 
The average depth of sand at the deep end of the pool 
was only about two feet; at the shallow end, it averaged 
seven feet. A tendency toward greater settlement at 
the deep end and a danger of differential settlements 
exceeding the small permissible tolerance were conse- 
quently indicated. 

A special foundation design therefore was developed, 
which accepted the anticipated settlements at the deeper 
end of the pool and introduced the far from conventional 
procedure of increasing the settlements at the shallow 
end in ordef to give a uniform settlement of the pool as a 
whole. The design also involved the unconventional pro- 
cedure of carrying some of the caissons below the surface 
of the sand strata, as indicated in the drawing for caissons 
16 and 31. Caisson base sizes are commonly chosen so 
that the areas of loading at the clay are proportional to 
the caisson load; in this case the method used was in brief 


a choice giving diameters of loaded areas at the clay 


which are proportional to the caisson load. Since it is the 
compression of the clay that causes settlements, the load 
on the surface of the clay, not the load on the overlying 
sand, is the ruling factor. 

Careful grades were established early in order to pro- 
vide an accurate check on results. The average settlement 
in the three years since the grades were established is 
about 0.8 inch. The greatest differential settlement at 
the pool is 0.36 inch. Other differential settlements, 
however, are no more than 0.15 inch. The one instance of 
settlement which has exceeded the prescribed 0.25 inch 
is not visible to the eye and is dismissed as an isolated 
irregularity. The average differential between the two 


ends of the pool has been slightly greater than 0.1 inch 
in earlier readings, but in the latest series of observations 
is only 0.05 inch. 

An alumni project in conception and financing, the 
Alumni Pool in design and construction was very much an 
Institute affair. Architects for the Alumni Pool were 
Lawrence B. Anderson, ’30, Associate Professor of Archi- 
tectural Design, and Herbert L. Beckwith, ’26, Associate 
Professor of Architectural Design. Thomas R. Camp, ’25, 
Associate Professor of Sanitary Engineering, contributed 
specialized skill to filtration, circulation, and other func- 
tions pertaining to tle pool itself. The foundation prob- 
lem was the work of Donald W. Taylor, ’34, Assistant 
Professor of Soil Mechanics. 


Promotions 


INE members of the Faculty are advanced to the 
rank of full professor in the list of Faculty promo- 
tions recently announced by President Compton. They 
are: Nathaniel H. Frank, ’23, and Francis W. Sears, ’20, 
Department of Physics; Martin J. Buerger, ’24, and 
Walter H. Newhouse, 23, Department of Geology; 
Murray F. Gardner, ’24, and Ernst A. Guillemin, ’24, 
Department of Electrical Engineering; Edwin R. Gilli- 
land, 33, Department of Chemical Engineering; George 
C. Manning, ’20, Department of Naval Architecture and 
Marine Engineering; and Bernard E. Proctor, ’23, De- 
partment of Biology and Biological Engineering. 
Promoted to the rank of associate professor are: Harold 
A. Freeman, ’31, and Paul A. Samuelson, Department of 
Economics and Sotial Science; James M. Austin, °41, 
Department of Meteorology; Arthur E. Fitzgerald, ’31, 
and William H. Radford, ’32, Department of Electrical 
Engineering; Peter E. Kyle, 39, Department of Me- 
chanical Engineering; Norman Levinson, °33, and 
George P. Wadsworth, ’30, Department of Mathematics; 
Augustus R. Rogowski, ’28, Department of Aeronautical 
Engineering; Theodore Smith, Department of English 
and History; Donald W. Taylor, ’34, Department of 
Civil and Sanitary Engineering; and Earle F. Watts, ’20, 
Section of Graphics. 
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This portrait of the late William R. Kales, President of the 

Class of 1892 and long active in alumni and administrative 

affairs of the Institute, has been presented to Technology by his 
family. It is the work of Harold Brett. 


Those advanced to the rank of assistant professor are: 
John E. Arnold, ’40, Edward L. Bartholomew, Jr., °37, 
Frederick R. Evans, ’41, Joseph Kaye, °34, and Deane 
Lent, °42, Department of Mechanical Engineering; 
Draveaux W. Bender, ’33, School of Architecture; Karl 
W. Deutsch, Department of English and History; Andrew 
L. Johnson, ’43, Department of Metallurgy; Walter C. 
Eberhard, ’14, and Gerald Putnam, ’23, Section of Graph- 
ics; Kurt S. Lion, Department of Biology and Biological 
Engineering; and George B. Thomas, Jr., Department of 
Mathematics. 

A new appointment is that of Edward R. Van Driest, 
now a member of the staff of the University of Connecti- 
cut, who will join the Institute’s Faculty as assistant pro- 
fessor of mechanical engineering. Professor Van Driest, 
who was graduated from the Case School of Applied 
Science in 1936, was awarded the master of science degree 
by the University of Iowa in 1937, and received his doc- 
torate from the California Institute of Technology in 
1940. 

Members of the staff who will become instructors on 
July 1 are: Harrison E. Cramer, Leon F. Graves, and 
David B. Moyer, Department of Meteorology; John C. 
Fisher and Gardner M. Ketchum, °41, Department of 
Mechanical Engineering; and J. Rand McNally, Jr., *41, 
Department of Physics. Frederick H. Anderson of the 
Department of Mechanical Engineering has been pro- 
moted to the grade of technical instructor. Those who 
have been named research associates are: A. Nelson 
Dingle, Department of Meteorology; Stewart G. Fletcher, 
43, Department of Metallurgy; and Richard E. Honig, 
’39, Department of Physics. 
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Visiting Committee Report 


HE Committee on the Division of Industrial Coéper- 

ation* met on’ December 17 in Boston. We wish to 
express appreciation of the admirable services rendered 
by Nathaniel McL. Sage, ’13, Director of the Division, 
and his assistants under the trying conditions in which 
the work of his Division is being carried on. The Com- 
mittee also would like to express their appreciation of the 
excellent manner in which Horace S. Ford, Treasurer of 
the Institute, and his staff have coped with and solved 
the most unusual amount of additional accounting thrust 
upon them. On July 1, 1942, the Division had 144 active 
projects; on July 1, 1943, there were 149; in November, 
182. The staffjhave continued their successful work of 
previous years and have made valuable contributions 
in war research. The nature of work under the contracts 
is tending to:change from slow, fundamental studies to 
the practical and more rapid work incident to improve- 
ment of apparatus. 

The importance of absolutely correct accounting and 
of scrupulous care in the handling of the large sums of 
government money incident to carrying out government 
contracts is recognized. A member of a firm of nationally 
known accountants is on full-time duty at the Institute 
and constantly available to the Division. At the present 
time various government auditors are auditing projects. 
This has been of real value to the Division because it 
has given our auditors and accountants valuable experi- 
ence. Our own accountant also has been on duty con- 
tinuously during the government audit. Differences de- 
veloped to date are distinctly minor, but where differ- 
ences have been found to exist, they will be satisfactorily 
adjusted. 

The policy of M.1.T. has been not to reach out after 
research work but to approach whatever is offered, less 
as an opportunity than as an obligation and because the 
Institute has a specially trained staff peculiarly fitted 
for the particular work required. The Institute’s policy 
is to accept projects when there is evidence that the 
work cannot be done elsewhere..As was made very clear 
in the President’s Report, government contracts are 
performed strictly on a basis of absolutely no profit and 
no loss to the Institute. . 

Although research work must necessarily result often 
in explorations whose value is negative, as it consists 
of proving that a thing cannot be done in a certain man- 
ner, the Committee find that the percentage of success 
shown by the research staff will compare very favorably: 
with that shown by other laboratories. Mr. Sage expressed 
it as his opinion that ‘the Institute’s percentage of suc- 
cessful research has been about five times the normal. 

The Committee believe it advisable to state here the 
fact which President Compton and other officers of the 
Institute have made clear in their reports in régard to 
patents, namely, that in the large contracts which are 
carried on mainly by staff recruited from outside the In- 
stitute, Technology has felt it improper to attempt to 
acquire any special benefits from patents. In the Radia- 
tion Laboratory, for example, all patent rights are 
offered free to the government. (Concluded on page 458) 

* Members of the Committee for 1943-1944 are W. Cameron Forbes, 
chairman, B. Edwin Hutchinson, ’09, Ralph D. Booth, ’20, Uncas A. 
Whitaker, ’23, William Steinwedell, ’25, Isaac Harter, and Charles R. 
Hook. 

















May, 1944 


ALUMINUM DIE-PRESS| 





LAT ele 


The cylinder barrel muff which we illustrate is typical of the strong close- FREE! A 54 page manual, “Revere Copper and 
grained, die-pressed aluminum forgings in which Revere has pioneered Copper Alloys—Technical Information for Product 


so successfully—especially in the aviation industry. Designers,” with 106 graphs relating to physical 
and metallographic properties under varying con- 


This particular cylinder barrel muff is used in certain types of radial ditions; also, a new, easy-to-read chemical and 
aircraft engines and with special success in one of the famous engines physical properties chart, with pertinent illustrated 
extensively used by the Navy. When finally machined, the resultant thin information on Revere manufactured forms and 
fins reach almost to the core of the cylinder itself and provide an welding technique. A complimentary copy sent you 


unusually large cooling surface. upon request. Address: Executive Offices, 


Revere forgings are also available in copper, various copper-base alloys 


and magnesium. Almost any shapes and sizes can be had, even those 
ordinarily pronounced “impractical” or “impossible”. 


Revere will be glad to offer—without obligation—technical advice on COPPER AND BRASS INCORPORATED 
any special problems you may have in die-pressed forgings. Write Revere Founded by Paul Revere in 1801 
Executive offices. Executive Offices: 230 Park Ave., New York 17, N. Y. 
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PENFLEX FLEXIBLE METALLIC HOSE with 
fiemored ‘Flexibility por AY apety and Service 


Important factors in generating power are Service and Safety. That’s why PENFLEX 
is found on many generator sets in power plants throughout the country. PENFLEX 
with 4-wall interlocking joint construction gives long life and trouble-free service 
on intake and exhaust lines, oil, water and other connections. It resists thermal and 
mechanical strains and fatigue; absorbs vibration and provides safety plus 
economical service. 


For fuel oil feed, starting air and manifold drain lines, the corrugated, 
jointless construction of PENFLEXWELD provides flexibility, expands or 
contracts easily with changes of temperature, pulsation of pressure, and 
remains unnoticed because of its almost completely trouble-free service. 


Full data on PENFLEX All-Metal Pipes for Diesels in Bulletin 71. 
PENFLEXWELD is described in Bulletin 90. Write for these Bulletins. 


PENNSYLVANIA FLEXIBLE METALLIC TUBING CO. 


7211 Powers Lane, Philadelphia 42, Pa. 
ESTABLISHED 1902 
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Q.W.L Photo by Palmer, in an Allegheny Ludlum plant 


..- BAe Wor Fo Wtlerd Taste 


AR’S emphasis is on strength, 

in men and in steel. That 
truism .is pictured for you above, in 
a scene showing the last admixture 
of alloys going into an electric 
furnace in one of the Allegheny 
Ludlum mills. 

In the shortest possible time after 
the arc is struck, that batch of alloy 
steel will be war material in use. 
It may be stainless bomb racks or 
ammunition chutes; tool steels fash- 
ioning a tank; valves or nitrided 
shafts in engines; electrical steels 
in gun, engine or plane controls— 
or in radio range-finding and com- 


munications equipment. Whatever 
it is, Hitler definitely won't like it. 
Nor will Tojo, and the reasons why 
are inherent in the steels them- 
selves. 

Special alloy steels are the “Su- 
permen” of metals. Whatever job 
there is for steel to do, they do 
better. Many jobs they ‘do today, 
in fact, weren’t even possible until 
a special steel was developed for 
the purpose—the records of our 
Research Laboratories are full of 
such instances. 

It has been said, and truly so far 
as combat equipment is concerned, 





that this is an “Alloy War.” Much 
has been learned that you will carry 
forward as the commercial tech- 
nicians of the future. 





Allegheny Ludlum 


STEEL CORPORATION 


BRACKENRIDGE, PENNSYLVANIA 


W&D A-9316 
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INVENTOR’S PROGRESS 
(Continued from page 421) 


Here was the first practical rotary converter. The prin- 
ciple had been foreshadowed by others, but Lemp was 
the first to give it form. The converters were soon stand- 
ard in railway welding and presently became standard, 
also, for the converting of alternating to direct current 
in trolley substations. It was one of the most important 
contributions he ever made. 

By 1890 electric welding had become a lusty young 
business. Welding machines were in tremendous demand 
by every kind of manufacturer, and Lemp and his staff 
were pushed to the limit designing special apparatus for 
hundreds of different jobs. For the next few years the 
company expanded rapidly, becoming one of the leaders 
in the electrical field. 

But Lemp, busy as he was, never let himself get sepa- 
rated from Elihu Thomson. He would visit Thomson’s 
office almost every day and thrash out some problem 
with him. Frequently he would accompany his chief to 
dinners and on trips. In 1893 the two went together to 
the World’s Columbian Exposition at Chicago, where 
Thomson presided at the International Electrical Con- 
gress as its chairman pro tem. At the grand banquet 
which closed this important gathering, one of the guests 
of honor was Thomas Edison, by now a legendary figure. 
Von Helmholtz had come to America for the meeting 
and, with other European physicists, dominated the 
occasion. Edison, by his own insistence, remained as 
inconspicuous as possible. Lemp wrote later of the little 
incident, in a way which beautifully illustrates his affec- 
tionate regard for his two great mentors: 


Mr. Edison was not a delegate to the congress and so occupied 
a place at an out-of-the-way table. No slight to him was in- 
tended; the committee knew of his dislike of public appearances 
and so left him to himself. 

But it did my heart good to see Professor von Helmholtz, one 
of the greatest luminaries among physicists, step down from the 
speakers’ table and come over and shake hands with Edison. 
Then a little later the whole room began to rap the tables and 
call in a loud voice: ‘Edison! Edison! Speech!’ Mr. Edison got 
up quietly, smiled, bowed across the room, and sat down. Again 
the cries came for him to speak and again he got up, smiled, 
and sat down without a word. 

Finally Professor Thomson, at the speakers’ table, rose and 
said, “Well, if Tom will not speak, Tom’s son will have to.’ 
And then my professor gave a fine address, simple and to the 
point as he always did — quite the best speech of the evening. 


It was a favorite trick of Lemp’s to carry many un- 
solved problems in his head, letting them lie undisturbed 
until a solution flashed into his mind. For some time now 
he had been mulling over the difficulties photographers 
had been having with the clumsy glass-plate negatives 
of the day. Not only were they inconvenient but the 
most valuable ones were always getting broken. Sud- 
denly, as he sat listening to the speakers that night in 
Chicago, a solution came to him. “Why must we use 
glass?” he thought. “Suppose we put the photographic 
emulsion on transparent celluloid. It can’t break, even 
when bent. It is light and cheap to manufacture.” 

After the dinner he hurried to the professor with the 
idea. Thomson was immediately enthusiastic. The minute 
they got home, they would try it out. But they never did. 
That fall the severe financial panic of 1893 swept over 
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the land, driving ‘every manufacturer to cover. The 
General Electric Company, just formed out of Thomson- 
Houston and Edison’s firms, fought for its life, slashing 
salaries, curtailing production, stopping most develop- 
ment work altogether. Even Thomson and Lemp; who 
were reduced to skeleton staffs, had grave doubt whether 
the electrical industry, so young and quick grown, could 
survive. The celluloid film idea was forgotten, to be 
discovered independently a year later by George East- 
man, who made it the basis of a great industry and a vast 
fortune. 

As depression deepened, the welding company stag- 
gered. Hermann Lemp was still chief engineer of the 
outfit, but his job had dwindled to almost nothing. 
Orders had stopped coming in. If the factory were not to 
close down, some other work must be found for. the men 
to do. He went to the professor in desperation and dis- 
covered that as usual Thomson’s mind was bubbling with 
ideas. They sat down and talked things over. Out of the 
welter of penciled scrawls on the backs of envelopes came 
three suggestions that seemed worth a try. One was an 
internal-combustion engine run by kerosene; another, a 
motor-driven refrigerator; the third, the electric furnace. 

Lemp immediately obtained the manufacturing rights 
to a Swiss engine that was successful in Europe. Rede- 
signing it to use the American brand of kerosene, he put 
it on the market. The engine worked well and some were 
sold. But the kerosene exhaust made a terrible smell and 
could not be tolerated except in the open country where 
the wind blew it away. Soon the business had dwindled 
and died. 

The refrigerator fared no better. Thomson’s idea had 
been to put out a household model which would, as he 
expressed it, “torpedo the iceman.” But with the help of 
the conservative householder and the general lack of 
domestic electricity, the iceman refused to be sunk. 
Home refrigeration never got beyond the paper stage 
then. When it finally came to fruition, both he and Lemp 
were far afield with other things. 

The electric furnace, too, eventually saw final accom- 
plishment and became a mighty industrial tool. Its devel- 
opment, however, required many years of trial and 
failure. It was of little help to Thomson and Lemp in the 
depression of 1893. 

Hermann Lemp came to the professor one day, shortly 
after this, with a sad story. The welding company had 
let him go. He was out of a job. Thomson angrily assailed 
the directors but could get no satisfaction for his protégé. 
There had been a verbal understanding but no contrac- . 
tual guarantee that Lemp should be kept on in hard 
times. Rather than involve his benefactor in court pro- 
ceedings, the young man went back to work as a labora- 
tory mechanic in the Lynn plant of General Electric. 
Thomson was delighted to take him on again as his 


. special assistant. 


“*T tell you what you do,” he said one morning, as Lemp 
entered the office. “‘ You begin by figuring out a way to 
open this safe.” His secretary had died and the combina- 
tion could not be found anywhere. The professor badly 
needed some patent papers locked up inside. 

“Professor,” said Lemp, “if you will stand the expense 
of repairing it, I’ll open that safe in jigtime!”” Thomson 
agreed. Hustling over to the adjoining building, Lemp 
connected a pair of heavy cables to a direct-current 
(Continued on page 438) 


















‘The tests that come 
bcfore the test of battle 


e WEEN MAY RISE above themselves to meet the test of battle, but equipment must be 

built that way. Good enough to raatch the performance of American boys at their in- 

| spired best. Tough enough to meet their need when the going gets toughest. To be sure 

that it is, every piece of G-E battle equipment is subjected to pre-battle tests that some- 

times combine the pitch of a destroyer’s bridge, the earthquake of a battleship’s guns, 

the screaming 9 G. pull-out of a fighter plane’s dive, the 60 degree below zero cold of 

substratosphere flight—all rolled into one. These tests are tough because the conditions 

under which our forces are fighting today are the toughest under which men have ever 
fought. Equipment dies on the testing stand, but lives are saved in battle. 





BODY, BOOTS, AND BRITCHES, goggles and 
gloves of the G-E flying suit are electrically 


heated to keep bomber crews warm at high 
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forced down, and the power is cut off? To 
find out if the suits, unheated, were warm 
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enough and tough enough, G-E engineers put 
them on and climbed Mt. Washington in the 
dead of winter. The suits passed this, and 


every other test. 




















~ 4 TURBINES CAN’T HAVE WEAK CHESTS. Onc 

es a ; reason our hghting ships can cruise farther, 
‘ : 2 : | faster, is the high-pressure, high-temperature 
Dumpties are these G-E lamp bulbs, which 4 HT L steam turbines that drive them. G-E research 
take a fall from 6 to 30 inches every time ie - / and engineering developed metals to with- 
their revolving cage turns over. G-E 5 stand such temperatures and pressures, and 


X-ray tests for turbine parts. The idea of 

X-ray testing has spread throughout industry, 
\ YZ and the G-E million-volt X ray is almost 

battle along with the bombers and tanks ir te standard equipment for this work. 

and battleships they ride. 


lamps, radio equipment, and _ control 4 
devices must take their share of shocks in 


, ae ARE Just a few of the more unusual tests to which a few of the 
many items of G-E war equipment are put. The greatest test of all is the 
experience of the maker, the years of research and engineering, the 
background of engineering and of manufacturing skill, which goes into 
the design, development, and making of every product. General Electric 
research and engineering, which were available to you in many products 
bearing the G-E Monogram before the war, which will again be avail- 
able to you in many new and improved products after the war, are now 
available to the man you know in the armed services, in every piece of 
battle equipment G.E. builds. General Electric Co., Schenectady, New Y ork. 








WHEN THE EARTH DISAPPEARS in fog or night, 


Hear the General Electric radio programs: “The G-E All-girl Orchestra” Sunday pilots depend on G-E electrically driven gyros 
10 P.M. EWT, NBC. “The World Today” news every weekday 6:45 P.M. EWT, CBS to tell them such things as “which way is up.” 
These girls are testing the horizon gyroscope’s 

HAVE YOU PASSED YOUR TEST IN WAR BONDS? abiliry to keep itself on the level—one of 


many tests that G-E aircraft instruments must 


pass to prove they are worthy of the pilot’s 
GENERAL ELECTRIC trust. Such gyros are also the “brains” of the 


962-607-211 automatic pilot. 
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INVENTOR’S PROGRESS 
(Continued from page 436) 


generator there and brought them in through the office 
window. Then, with a pair of arc-welding electrodes, he 
burned a hole through the safe and removed the lock 
entirely. 

The professor snatched out his patent records. “Now, 
Lemp,” he grinned, “we will have to keep this thing dark. 
Otherwise all the burglars will begin buying welding 
apparatus.” 

It was with a spirit like this that the two faced the 
hard times ahead. And as the company gradually climbed 
out of the depression, the team of professor and pupil 
pioneered their way into some of the greatest develop- 


ments of the mechanical age. 
(To be concluded) 


BRITISH INDUSTRY AND RESEARCH 
(Continued from page 422) 


wars, British scientists have proved that they can more 
than hold their own if they are given equal facilities and 
support. All they need is the same opportunity in peace 
as in war. 

It is impossible to avoid the conclusion that if Britain 
is to maintain its position in the world markets, our in- 
dustries must greatly increase their attention to research 
as soon as the progress of the war makes it possible. 
There is danger in delay: Markets once lost are not easily 
regained. Industrialists should be taking active steps now 
to organize this aspect of their postwar activities. 

At the present time, research in Great Britain is car- 
ried on in five main groups of establishments: (1) lab- 
oratories of the universities and technical colleges; (2) 
research stations of the Department of Scientific and In- 
dustrial Research, and of the Agricultural 21d Medical 
Research councils; (3) research associations supported 
partly by industry but aided by grants from the Depart- 
ment of Scientific and Industrial Research; (4) research 
laboratories maintained by private firms; and (5) re- 
search establishments of the fighting services. 

Great industrial developments usually depend on fun- 
damental discoveries; thus the electrical industry grew 
from Faraday’s researches on electromagnetic induction, 
and the radio industry sprang from the work on electro- 
magnetic waves carried out by Hertz in a university. In 
more recent times the technique of radiolocation was first 
devised and used for a purely scientific purpose without 
any thought of its practical application. These examples 
illustrate in a striking way the unexpected practical sig- 
nificance of the by-products of pure scientific research. 

It is in the university laboratories, the outposts on the 
frontiers of knowledge, that fundamental research is 
mainly done. At any time a new industry may be born 
there which will meet some new human need. It is in the 
atmosphere of the university laboratory, too, that the 
men on whom we shall have to rely as leaders of industrial 
research are bred and trained. 

Business therefore has a direct interest in seeing that 
research at universities and in technical colleges is ade- 
quately endowed. 

Research stations of the Department of Scientific and 
Industrial Research now consist of the National Physical 
Laboratory, the Fuel Research Station, the Building Re- 
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search Station, the Forest Products Research Laboratory, 
the Road Research Station, the Water Pollution Research 
Laboratory, a group of stations under the Food Investi- 
gation Board, and so on. The program of each station is 
drawn up on the advice of a research board consisting of 
outside scientific men and industrialists, with representa- 
tives of interested government departments. A few addi- 
tional research boards do not maintain laboratories but 
place their work extramurally at universities and else- 
where. 

The National Physical Laboratory was originally es- 
tablished for the maintenance of national standards, but 
it is now organized into a group of departments — for 
example, aerodynamics, metallurgy, engineering — which 
carry out research, mainly of a fundamental nature, di- 
rected to industrial needs. A certain amount of research 
is also done for research associations and for individual 
industrial firms. 

The other large stations deal with the nation’s general 
needs in regard to food, housing, fuel, roads, and so on. 
They, too, undertake work for government departments 
and for industry and are always ready to act in an advis- 
ory capacity. 

The results of individual work for private firms are, 
of course, communicated in the form of a confidential re- 
port and the full cost is paid by the firm. The results of the 
general program of work are made available in annual or 
special reports sold through His Majesty’s Stationery Of- 
fice. Firms, therefore, can benefit from all this work, as 
well as have access to the advisory and information serv- 
ices of the stations, usually without any payment. 

Research associations were started at the end of the 
last war with the help of a million-pound fund voted by 
the government to the Department of Scientific and In- 
dustrial Research. There are now 24 of them, and they 
are self-governing bodies, supported voluntarily by firms 
engaged in the industries for which they cater, or in a 
few cases by a levy on the raw materials of the industry in 
question. The Department of Scientific and Industrial 
Research supports the associations financially by means 
of annual grants in amounts depending on the subscrip- 
tions from industry. This year the total incomes of the 
associations will be over £800,000, of which £275,000 
will be government grant. The subscriptions vary with 
the size of the member firm, being sometimes as low as 
£10 annually for the smallest unit. Most of the associa- 
tions possess their own laboratories, but some of their 
work is done in government or university laboratories or 
in the laboratories of member firms. The control of the. 
associations is in the hands of councils elected by the 
members; the results of the work are confideptial to mem- 
bers in the first instance, but much is subsequently pub- 
lished and added to the general fund of knowledge. 

Although most of the associations have steadily ex- 
panded in size and usefulness, they are not yet on a scale 
commensurate with the industries they serve. One of them 
is now planning to spend £200,000 per annum, but only 
four of them have an expenditure exceeding £50,000 per 
annum, representing .06 per cent of the turnover of the 
industries concerned. 

It is not only the more modern types of industry that 
have co-operated in founding research associations. Out 
of more than 20 such bodies, only three or four can be 
described as serving industries which have developed from 
(Continued on page 440) 


























May, 1944 


MASONEILAN NO. 27 REGULATORS 


Provide an accurate pressure 
““Reducing-Diet“’ 

















In thousands of installations... throughout the chemical, 
refining and natural gas industries... Masoneilan No. 27 regu- 
lators are providing accurate, positive control of pres- 

sures. And best of all, they keep up this precise control ... year 
after year... without continual adjustment for load changes, 





without control time lag, without shift from control 
setting between full, open and closed. 


Investigate Masoneilan No. 27 pressure regulators. 
They are built for controlled pres- 
sures between 5 and 1800 psi. 
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BRITISH INDUSTRY AND RESEARCH 

(Continued from page 438) . 
recent inventions and research. The great majority re- 
late to industries which have been established for a 
century or more, showing that traditional methods are 
equally responsive to scientific analysis and the develop- 
ments which spring from it. 

Private industrial research laboratories were first set 
up in the electrical, chemical, and metallurgical industries, 
but other industries have since followed suit. Naturally, 
the larger industrial units have found it easier to bear the 
cost of setting up research facilities of their own, though 
even in the smaller firms, routine laboratory testing has 
become a necessity, and this not infrequently leads ulti- 
mately to the conduct of actual research. 

Although some of the work carried out in private lab- 
oratories is of a fundamental character, a proportion of it 
is necessarily of a more immediate and practical character 
concerned with a firm’s day-to-day problems. 

Hardly any of the firms which possess research labora- 
tories confine their expenditure on research to their own 
establishments. They are, as a rule, the strongest sup- 
porters of the research associations and make the most 
use of the results obtained in the research stations of the 
Department of Scientific and Industrial Research and at 
university laboratories. 

For large firms little difficulty should be encountered in 
establishing research departments of their own and in 
building and equipping the necessary laboratories. The 
first step is to decide on the problems which invite at- 
tack; the next to decide on the scale of the attack, find 
suitable staff, and gradually make research a recognized 
part of the organization. This process will take time, as a 
research staff have to learn their problems. Confidence will 
be established between them and their colleagues as they 
show their ability to help in the day-to-day difficulties, 
“trouble shooting” as the Americans call it. The long- 
range problems need patience, and: only a part of this work 
can be expected to bear fruit. It is surprising, however, 
how quickly research begins to give results, sometimes in 
quite unexpected directions. In time the whole concern 
will become research minded, and in America it is not 
unusual to find the head of a research department with a 
seat on the board. 

For smaller firms the starting of research is not so easy, 
and there are far more of them. Our five largest industries, 
for example, have nearly 5,000 separate undertakings, of 
which only 126 employ more than 1,000 people each. It 
was for smaller firms that the research association move- 
ment was largely conceived, since by co-operative re- 
search an annual subscription of, say, £100 may insure 
participation in the results of a research expenditure of 
£20,000 or more per annum. 

Payment of such a subscription, however, is only the 
beginning. It is essential that even the smallest unit 
should have at least one member of its staff with sufficient 
scientific training to follow the work carried out in the 
research association and interpret it to his firm. Such a 
man, too, can be of the greatest value in appraising the 
results and implications of other published research bear- 
ing on his firm’s interests, and in general acting as a 
scientific adviser and consultant. Such men should be a 
more common feature of our industries, and they should 
be accorded a status which will insure their voices being 
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heard. No firm should be deterred from taking up re- 
search merely because it cannot afford in the first in- 
stance an expensive laboratory and equipment. It is the 
quality of the man which counts. 

Industrial researches are undertaken either to increase 
the efficiency of existing practice and to lower costs, or to 
discover new products or new processes. Development is 
the stage at which promising research results are tried out 
in a pilot plant in order to adapt them ultimately to 
large-scale production. Not infrequently the same re- 
search staff and to some extent the same experimental 
technique will be employed in the development stage. 
For this reason the term “research and development de- 
partment” is not uncommon, and many of the research 
associations possess development sections or at least 
development officers. 

The stage between the perfection of a new process and 
its industrial application may be prolonged and difficult. 
Here the heaviest expenditure is likely to be needed. 

Success in industrial research depends on several qual- 
ities — imagination, resourcefulness, and initiative, cou- 
pled of course with scientific instinct and a scientific 
training. Some men are best fitted for long-range funda- 
mental work, others for applying its results and solving 
immediate difficulties. They should all be good mixers, 
for teamwork is essential. 

Research is apt to conjure up in many minds a limited 
picture of a chemist in a laboratory, and whilst it is true 
that the chemist often forms the starting point around 
which a research team grows, industry now employs physi- 
cists, metallurgists, mathematicians, research engineers, 
biologists, and geologists, as well as specialists in more 
restricted fields such as radiology, corrosion, and statis- 
tics. Information officers, with a knowledge of foreign 
languages, are also found in the larger research establish- 
ments, since it is so essential to keep abreast of published 
scientific work at home and abroad. 

A team of research workers usually consists of a num- 
ber of university graduates with assistants. The graduates 
are recruited from the universities mainly as young men 
in their early twenties, and they are sometimes given ex- 
perience in the works before going into the research lab- 
oratory. Such men are customarily paid a starting salary 
of £250 and upwards. The usual method of finding them 
is by advertisement in the technical and scientific press 
or by direct application to the various university ap- 
pointment boards. : 

Nongraduate assistants, some of whom may ultimately 
qualify by taking external degrees or by passing the ex-: 
aminations held by the great professional institutions, 
are usually recruited from the secondary schools and 
technical colleges at an earlier age and lower salary than 
the university graduates. 

The success of a research laboratory depends on the 
men with ideas. Only experience can show who they are. 
They may come in as university graduates, as assistants, 
or as laboratory boys. Encouragement and a watchful 
eye are needed to find them. 

It is difficult to lay down any general standard of re- 
search expenditure. It has been stated that whereas Rus- 
sia’s total budget for science is 1 per cent of the national 
income, ours is but one-tenth of 1 per cent and that of 
the United States three-tenths. Taking expenditure by 
individual American trades, we find the ratio of the re- 
(Concluded on page 442) 
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BROADCASTING TIN. “Flowing” tin 
plate by induction heating is now 
accepted practice in the industry. 
Frequency used in the first in- 
stallation was 200,000 cycles per 
second-and the equipment was 
salvaged from a discarded broad- 
casting unit! Incidentally, this 
first installation is still in daily use. 


IT’S A MATTER OF SPEED. Radium 
gives out 1,200,000 times as much 
energy as the same weight of coal 
burned with oxygen. Even if we 
had plenty, however, it would 
probably be a poor substitute for 
coal, since it releases energy only 
one-eightieth as rapidly. Nothing 
that scientists have been able to 
do has had the slightest effect in 
speeding up the process. 


THE SUN IS STILL SLOWER, releasing 
energy by a process which involves 
the transmutation of elements and 
takes between six and seven mil- 
lion years. 


WOMAN’S WEAPON: QOne reason 
that electric irons aren’t being 
made is that the thermostats used 
to control their temperature are 
busy on land, sea and air. They’re 
guarding against motor trouble in 
tanks, fire danger in planes, over- 
heating in gun equipment on 
battleships. 


PEAK FLATTENERS. Resistance 
welders have speeded up produc- 
tion in thousands of war plants, 
but they have imposed enormous 
on and off single-phase loads on 
power circuits, often building up 
impossible peak demands. Capaci- 
tors are proving to be the an- 
swer, correcting the power factor 
to approximate unity. 


THE HIGHER, THE FEWER no longer 
applies in radio vibrators. At high 
altitudes, vibrator contacts liter- 
ally “boiled away” in ten hours, 
hence this type of radio was sel- 
dom used in airplanes. New-type 
vibrator, using Westinghouse-de- 
veloped materials and techniques, 
has a life expectancy equal to that 
of the plane. 

















Plastics, plywood and electronics 


This is a Westinghouse laboratory set-up for research in dielectric 
heating—internal heating by high-frequency radio waves. Together 
with induction heating—surface heating of metals by high-frequency 
radio waves—this process is daily finding new applications in industry. 

One outstanding use of the principle of high-frequency heating is 
the Westinghouse development of flowing of tin on steel strip. Other 
important applications are in the bonding of plywood and the curing 
of plastics. 

Dielectric and induction heating effect important savings in time 
and materials with attendant benefits of better control and more uni- 
form results. 

High-frequency heating is an example of electronics at work, another 
phase of Westinghouse leadership in electricity. Westinghouse Electric 
& Manufacturing Co., Pittsburgh 30, Pa. 


WESTINGHOUSE PRESENTS: John Charles Thomas, Sunday, 2:30 p.m., E.W.T., 
NBC. “Top of the Evening,” Mon. Wed. Fri. 10:15 p.m., E.W.T., Blue Network. 


Westinghouse 
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search budget to gross sales as follows: for radio appa- 
ratus, 1.6 per cent; for electrical communication, 1.4 per 
cent; and for chemical industry and rubber products, 1 
per cent. In the older industries, however, the ratio is 
much less. Whatever the scale on which research is be- 
gun, general experience is that its budget increases as it 
is found to be more and more indispensable. 

The initial step of subscribing to a research association 
is not costly. Often a small firm would be assessed for 
subscription at 10 to 20 guineas, and not many of the 
larger units subscribe more than £1,000 per annum. In 
two typical research associations at the present time the 
average subscription of members is only about £50. For 
this small outlay, the subscribing member participates in 
research costing 500 times this figure. However, subscrip- 
tions to research associations must in future be larger, 
in order to give the associations more nearly adequate 
resources. 

The cost of a research department obviously depends 
on its size. The small firm may employ only one scientist, 
costing, say, £500 a year and laboratory expenses. In the 
larger research units the annual cost may be taken as 
roughly equivalent to the capital cost of the laboratory 
and equipment. Thus, a laboratory costing £10,000, in 
which a considerable volume of research work could be 
done, would require a similar annual expenditure in sal- 
aries and running costs, representing 1 per cent of a turn- 
over of £1,000,000. 

It is important to remember that the running costs of 
research are allowed by the inland revenue as a deduc- 
tion for income-tax purposes. This applies equally to 
annual subscriptions to research associations, except in 
respect of any entrance fee and specific donations for 
capital purposes. 

That research not only pays but is of vital importance 
to our national existence is clear in wartime. Think 
what we owe to the supremacy of our aircraft, thanks to 
research in aerodynamics, light alloys, and the internal- 
combustion engine; to the rapid solution of the problem 
created by the magnetic mine; to the development of 
radiolocation. Less spectacular but of almost equal im- 
portance are the results of scientific research into the use 
of alternative materials which we have had to employ ei- 
ther to save shipping space or because we have been cut 
off from our accustomed sources of supply. 

What research has meant in peacetime can be seen . 
from the savings that have come from a few inventions. 
It is estimated that the gas-filled lamp developed by 
Langmuir represents an annual saving of £50,000,000 in 
the cost of domestic lighting in this country alone. The 
improvement in the efficiency of the gasoline engine due 
to lead ethyl saves over 2,000,000,000 gallons of gasoline 
a year. The use of accelerators for vulcanizing rubber 
has saved capital outlay on molds estimated at £16,- 
000,000. Research on motor tires has increased their 
average life from 3,000 miles to over 20,000 miles. Nat- 
urally, these vast savings have been reflected in the profits 
and prosperity of the industries and firms responsible for 
these great technical advances. 

When we are ill, we send for a doctor. He can delay, 
but he cannot prevent, old age. Research is the elixir of 
life of industry, ever renewing its youth and vigor. 
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which make up a large institution. Many universities, 
composed of semi-independent units, have a difficult 
problem in obtaining uniform and central handling of 
industrial contracts. 

For local reasons neither of these causes for establishing 
foundations applies so forcefully at M.I.T. As a privately 
endowed institution, we are free from many restrictions 
applying to state institutions, and our Division of In- 
dustrial Coéperation has been successful in centralizing 
and systematizing our industrial relationships. 

Another objective in setting up foundations has been 
the desire to keep the parent institution out of the 
business of managing patents and engaging in other 
commercial practices with a profit motive. The founda- 
tion is set up as a legal or corporate screen, although 
usually it is controlled by the institution or by alumni. 
A final reason prompting the separately organized cor- 
poration is the desire to draw in prominent alumni or 
businessmen to handle industrial research and patents. 
Through the mechanism of the separate corporation, 
these friends of an institution can carry on business in 
behalf of the institution and can show a definite profit 
and loss result of their interest and activity. 

These latter two reasons do apply at Technology, al- 
though we have available different solutions. Through 
our connection with Research Corporation, we have 
kept our patents at arm’s length, and we are making 
progress in developing other techniques for keeping the 
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Institute out of the business of handling patents. We are 
convinced that there are still powerful reasons why we 
should keep out of direct management of patents. 

I think a clear conclusion can be drawn that for local 
reasons the separate corporation is not the best solution 
for Technology although obviously it has been for many 
other institutions. There remain, however, several im- 
portant considerations in connection with the handling’ 
of industrial research, especially with respect to relating 
such research to the educational activities of the institu- 
tion. Should the central organization, whether operating 
as a corporation or on some other plan, have separate 
laboratories? Should it set itself up as an over-all labora- 
tory similar to our former Research Laboratory of Applied 
Chemistry? Should the dominating objective be research 
for its own sake or for the training of men? 

The answer to all these questions lies in the answer 
to the last, and here I believe that the answer is clear: 
All industrial research activities should be incidental to, 
and handled to contribute to, the training of students 
and the program of fundamental research. In our state- 
ment of policy on the Division of Industrial Coéperation 
and in our pre-war program, we recognized this principle. 
To be sure, the “crash” research programs of the war 
have quite properly put concrete research results ahead 
of everything else, but there is going to be a struggle after 
the war to reorient ourselves and to replan our industrial 
research program with an educational objective. 

I suspect that the educational objective has more 
appeal for industry, and that we could build our volume 

(Continued on page 445) 
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of industrial research more effectively by promoting it as 
primarily of educational value. This does not mean that 
getting research results is not important. It means that 
many companies have more interest in the training of 
top-notch men and in assisting institutions to perform 
this task than in seeing educational institutions build up 
elaborate research organizations. We have had several 
concrete examples of this attitude on the part of industry 
and have received contributions from them for the 
support of research on a pure pro bono publico basis. 

Several of the university research foundations have 
adopted this educational objective with marked success. 
Their idea is quite similar to that which dominated the 
old Research Laboratory of Applied Chemistry which 
flourished at the Institute after the last War and was so 
effective in training chemical engineers. Perhaps in this 
direction lies one of the best prospects for our own 
industrial research program. The Department of Chemi- 
cal Engineering has already laid plans for the establish- 
ment of a new Research Laboratory of Applied Chem- 
istry, and other Departments are thinking in terms of 
similar solutions. 

The officers of the Division of Industrial.Coéperation, 
as well as other Institute administrative officers who 
have studied the problem, are convinced that industrial 
research should be handled on a departmental basis, even 
though business or contractual relationships are handled 
through the D.I.C. In the final analysis, it is most 
often a single professor or a small group who suggest the 
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research or who convince some sponsor of its desirability, 
and if the research is really to be followed through with 
enthusiasm and inspiration, it should be something that 
somebody on the staff wants to do, and not something 
that someone is asked or told to do as a problem brought 
in cold from the outside. 

In other words, all considerations indicate that we 
should continue to keep our industrial research as de- 
centralized as possible, letting it arise naturally from the 
interest and work of a Department or smaller group and 
letting it be chiefly work which they have instigated 
and can relate intimately to the training of graduate 
students. The main purpose of the research should be 
the training of these students, with research results still 
important but secondary. I speak here of course of 
industrial research, and I do not mean to say that an 
institution of this sort does not have a primary objective 
and responsibility of undertaking pure research as inten- 
sively as it can and of promoting the advancement of 
knowledge as a responsibility co-equal with the educa- 
tional objective of disseminating knowledge. 

Finally, a word about the part which research, partic- 
ularly sponsored research, may play in the financial pic- 
ture of the Institute. We all know that the trend in this 
country is against the growth of endowments and the 
increase of investment incomes. The endowed private 
institutions are almost certain to have severe financial 
difficulties in the postwar years, not immediately after 
the war but perhaps several years after it. Beyond 
tuition from students, how will they meet the problem 
of necessary income? It is not a happy prospect to antic- 

(Concluded on page 446) 
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ipate that we would have to meet it by taking on 
industrial research for the sake of income. It is neverthe- 
less possible that a reasonable amount of industrial 
research properly subordinated to the educational pro- 
gram can be of great advantage both educationally and 
financially — financially if by no other means than 
helping to carry the overhead of the institution. 

Patents have been suggested as another possible source 
of income, although our experience to date in dealing with 
patents would discount this. Certainly an educational 
institution should not have to engage in litigation and in 
maneuvering which inevitably go with the exploitation of 
patents. We should avoid giving patents undue emphasis 
allowing them to absorb an undue portion of staff and 
administrative energy to the detriment of more con- 
structive activities. If profitable patents should come 
incidentally, fine; but it is questionable whether they 
should be considered in any planned effort to supplement 
income. 

I have already mentioned the growing interest on the 
part of corporations to support research without strings 
attached. This is indeed a desirable way for us to supple- 
ment income, and we are developing some highly satis- 
factory procedures for promoting and handling this type 
of co-operation with industry. The recently established 
Carbohydrate Research Laboratory at the Institute, 
collaboratively handled with the Sugar Research Founda- 
tion representing the sucrose industry, is a fine example 
of an arrangement permitting fundamental research under 
the aegis of an enlightened industrial group. Similar 
arrangements are under study with other industrial 
groups as well as with individual companies. We all 
should prefer any of these methods to the remaining 
alternative of government support and government con- 
trol. 

One of the great hazards of the present war research 
program and war training programs as sponsored by the 
government in educational institutions is the difficulty 
which institutions are going to have in regaining their 
independence and resisting the seductions of Federal 
subsidy. Certainly our aim should be to stand on our 
own feet and to preserve the spirit of complete independ- 
ence which has made research flourish and kept stand- 
ards high in the private institutions. 
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abroad operated to close down those great textile estab- 
lishments and to throw their operatives out of employ- 
ment. This would, according to the theory, occasion such 
widespread distress that the foreign governments would 
be forced to intervene. 

Alas for the lucidity of this logic, it failed to give heed 
to the bad business conditions all over the world, which 
resulted in subnormal consumption of cotton. As a result, 
both England and France had unusually large warehouse 
stocks in the spring of 1861 and got along without distress 
until-late in 1862. By the next year India, Egypt, the 
Sudan, and other cotton-producing areas had largely 
increased their yields, and the United States Army had 
(Continued on page 448) 
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set up an illicit and scandalous but nonetheless sub- 
stantial cotton export out of occupied areas. The govern- 
ments of Queen Victoria and Emperor Louis Napoleon 
finally made up their minds that war with the United 
States was too costly a price to pay for opening the 
Confederate cotton ports. 

By 1863, when the Davis government became con- 
scious of the great mistake of policy, stern necessity forced 
the transfer of much land in Georgia, the Carolinas, 
Alabama, and Mississippi from cotton culture to the 
production of food and feed. To the surprise of many, the 
plantation system proved able to adjust itself to the shift. 
Especially was this transfer successful in Georgia, “the 
Empire State of the South.” That fall, Georgia and 
Alabama were the granaries for the sustenance of both 
Lee’s and Bragg’s armies. Difficulties of transport over 
the South’s poorly maintained and worse operated rail- 
roads, together with the inefficient procurement and 
distribution of the Confederate Army’s commissary 
department, prevented a satisfactory supply of food and 
feed for the armed forces. But the production had been 
ample. 

The civilian population in the cities and towns did not 
fare so well as the soldiers, but the reason was the 
astronomic currency inflation, not the lack of supplies 
on the plantations and farms. The growers of food had 
developed such distrust for the Davis “shinplasters” 
that the Richmond authorities and several of the state 
governments sought to apply “forced loans.” The urban 
populations went on forced diets, flour mounted to $100 
a barrel, and bread riots occurred in several Southern 
cities. 

The blockade threw the overwhelming majority of the 
Southern people on their own resources. Blockade-runner 
goods were for the few who could pay high prices for 
silks, satins, champagnes, and Havana cigars. The 
Southern agrarians found berries which, when over- 
parched, seemed something of a substitute for coffee. 
Candle molds were worked overtime. The almost for- 
gotten arts of the loom and distaff were brought into 

(Continued on page 450) 
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play again. The mistress of the manor house learned 
herself how -to tan leather, and then instructed her dusky 
servitors in the process— and the leather was well 
tanned. Hats were made from virgin wool. Cattle raising 
became a passion, flocks of goats were established, chiefly 
‘in the hope that invading Yankees would not regard them 
as such succulent seizures as were horses, mules, and 
beeves. And this hope was not disappointed. On the 
plantation, the Confederate conversion from cotton to 
subsistence was generally successful. But transportation 
troubles kept it from sustaining the Southern economy as 
a whole. 


HE outbreak of the war immediately put a heavy 

burden on the Northern farmer, and one of an un- 
expected nature. He had to grow enough food, feed, and 
other agricultural productions not only to care for civilian 
and military needs but also to provide much of the foreign 
exchange for the embattled nation. Until the outbreak of 
the war, most of the foreign obligations of the United 
States had been met through the foreign exchange pro- 
vided by export of Southern cotton, tobacco, and so on. 
This recurring foreign p»~ment was heavy, because even 
until 1916 America was onsistently a debtor nation. 

Most of this foreign . :change was suddenly suspended 
by secession, war, and blockade. There was some offset 
as Federal forces began occupying secession territory. 
Cotton was shipped north by one means or another, some 
of these shipments illicit and smelling of bribery and graft. 
But the increases in farm yields in the North during the 
war were astounding. These furnished the principal new 
source of exports abroad. 

Through an interesting coincidence, the North’s need to 
export greater volumes of its agricultural productions 
coincided with increased demands from across the At- 
lantic. Britain had crop failures in 1860 and in the next 
two years, her 1861 wheat production deficiency being 
about 40,000,000 bushels. The continental yields, par- 
ticularly in Russia, Prussia, and France, Europe’s three 
great cereal producers, were not any too good, and during 
these years the cereal export from each of the three to 
England decreased. 

The resulting increased demand of England and west- 
ern Europe for food and feed from America had a powerful 
effect upon the outcome of the Civil War. It helped the 
United States Treasury get the foreign exchange needed - 
to finance the struggle. Also, agricultural exports played 
an insufficiently recognized part in causing the British 
and French governments to delay recognition of Con- 
federate independence, and after 1863 to abandon the 
idea. 

In 1860, the United States as an entirety had sent to 
Europe 1,926,000 barrels of wheat flour and 13,538,000 
bushels of wheat. The next year the loyal states shipped 
$,110,000 barrels of flour, and the wheat export had 
mounted to 28,899,000 bushels. During these three years 
corn exports increased more than threefold. Butter 
shipments doubled, then tripled. Cheese exports mounted 
from 23,000,000 pounds in 1860 to more than 49,000,000 
in 1864. Lard export growths were even more amazing: 
the year before Sumter, 18,866,000 pounds; the year of 
(Continued on page 452) 
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Gettysburg, 121,881,000 pounds. In the 1859-1860 
slaughter year, the number of hogs packed at Chicago was 
reported as 168,000; three years later it had increased to 
over 970,000! 

The increase in dollar value of agricultural exports was 
similarly impressive. The value put on domestic produce 
exported through the port of New York in 1860 was 
$95,468,296. The next year it was $131,325,995. There was 
equivalent growth during the next three years, the 1864 
figure being $201,855,989. These export increases per- 
formed a tremendous service in enabling the Union to 
meet the exacting pressures which the war imposed on 
its financial system. 

It cannot be said that the effort of the Federal Govern- 
ment was a major cause for these enormous increases in 
natural production. Agriculture’s official establishment in 
the bureaucratic structure was quite modest. Some 25 
years earlier the then commissioner of patents had begun 
distributing certain new or experimental seeds, personally 
and independent of his office. In 1839 Congress made a 
small appropriation for a division of the Patent Office 
which should collect and distribute seed, prosecute 
agricultural investigations, and gather agricultural 
statistics. More money was given 15 years later, the 
position of superintendent of the agricultural division of 
the Patent Office was established, and a division chemist, 
botanist, and entomologist were named. During the war, 
this division was expanded into a Department of Agri- 
culture, and Isaac Newton, its first commissioner, laid the 
foundations for the expert aid for the farmer which has 
increasingly characterized the last 80 years of the depart- 
ment’s life. 

This Isaac Newton, unlike his namesake, hearkened not 
to mathematics or to philosophy, but to farm manage- 
ment, including the finding of markets for his produce, 
and to practical politics. Born in Burlington County, 
N. J., in 1800, in the early Twenties he began managing 
family and other farms in Delaware County, Pa., and soon 
specialized in dairying. The herds he managed gave 
bountifully; milk and cream were going to waste; so 
Newton opened an ice cream and confectionery store in 
Philadelphia to take up the surplus. In the Forties and 
Fifties, he urged Congress to recognize agriculture’s im- 
portance by establishing a department of agriculture. 
The only heed shown to these urgings was the establish- 
ment of an agricultural division of the Patent Office. . 
Newton’s political bent carried him over a good part of 
the Prairie States, and Abraham Lincoln met and 
remembered him, as evidenced by the Pennsylvanian’s 
appointment in 1861 as superintendent of the agricultural 
division in the Patent Office. 

The next year Congress focused its legislative attention 
on the farm problem. The departure of legislators from 
the secession slave states eased the task of passing the 
Homestead Act. A companion measure was the states- 
manlike Morrill Act, which laid the foundation for an 
agricultural and mechanical college in every state. Fur- 
ther to give the legislative accolade to the farmers, 
Congress passed a bill, approved by the President on 
May 15, 1862, creating the Department of Agriculture to 
be headed by a commissioner. As was to be expected, 

(Continued on page 454) 
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GUFFICIENT evidence is available after 
more than five years of use — 

to warrant forming certain conclusions 

about Tygon as a lining material: 


1. Tygon effectively resists the attack 
of a wider range of corrosive sub- 
stances than any other material except 
chemical ceramics and glass. 


2. Tygon shows every indication of 
longer effective life in contact with 
solutions to which it is chemically 
resistant than rubber, synthetic rubber, 
or other materials now used as pro- 
tective linings. 


While closely resembling rubber in 
appearance — in feel — and in many 
physical characteristics, Tygon is not 
susceptible to the common ills which 
afflict rubber. It is neither sensitive to 
water or sunlight; nor is it affected by 
oils, grease, or fatty acids. It shows no 
chemical deterioration with age. 


Tygon is a sturdy material — tough, 
durable, highly resistant to abrasion. It 


TY GON rabler-like 
TANK LININGS 








doesn’t have to be handled with “kid 
gloves.” If it should be accidentally 
gouged it can be easily and quickly 
repaired. 

Tygon was made to give maximum 
protection for the longest period of 
time — protection to the shell from cor- 
rosive attack; protection to the solution 
from contamination. 

Obviously, its initial cost is somewhat 
greater than for ordinary rubber 
or synthetic rubber linings, but expe- 
rience has shown that, measured in terms 
of life-cost (the true measure of value) 
Tygon is the least expensive of all. 
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HAVE YOU TRIED TYGON PAINT? 

Sheet Tygon stocks are liquefied by 
the addition of solvents to form acid- 
resisting Tygon Paint, possessing all the 
basic corrosion-resistant characteristics of 
the parent Tygon. It is used to paint the 
exterior surfaces of Tygon-lined tanks to 
protect them against occasional spillage, 
acid fumes, or condensates. It is ideal 
for fume ducts, pipe, structural steel 
work — in fact, for any surface exposed 
to fume attack. May be applied to steel, 
wood, or concrete by spray gun or 
brush. Available in black, white, clear 
and colors. 
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Lincoln elevated Newton to this new post, which he filled 
until his death in 1867. 

Newton was full of energy and zeal, and he had con- 
siderable organizational skill. He named William Saun- 
ders, a Pennsylvania horticulturist,- the department’s 
botanist and “superintendent of the propagating garden.” 
C. M. Wetherill was made the department’s chemist, 
Townsend Glover its entomologist, and Lewis Bollman 
the statistician. 

The commissioner was on the alert for opportunities to 
support the farmer, and occasionally was taken in by 
wags. In 1862-1863, he became alarmed over the sad 
state of agriculture, or sheep raising, in the Ohio Valley; 
the lambings had decreased greatly, and Newton sought 
a new type of ram to remedy the situation. Upon the 
suggestion of a friend, he asked Congress for an appropria- 
tion of $15,000 to enable the department to purchase 
three hydraulic rams from Europe. Many were the guffaws 
on Capitol Hill. 

He foresaw the usefulness of weather forecasts for the 
farmer. His first annual report urged the importance of 
weather predictions for agriculture. In 1864, Newton 
recommended an appropriation to enable daily weather 
reports to be communicated by telegraph over all the 
loyal states. He was the first vigorous sponsor of the 
weather bureau. 

The true credit for the expansion of Northern farm 
yields must be accorded the small owner-operator farm 
and prairie homestead method of operation. The general 
pattern of this had been cut some decades earlier, as the 
keen cutting edge of civilization moved westward. During 
the Fifties, the new Virginia reaper was introduced 
throughout the prairies and into the plains. Its effect on 
Northern farm production during the war years was 
tremendous. Here was a first major move toward the 
mechanization of agriculture. The use of the reaper 
enabled the farmer-operator to harvest more grain with 
less labor. He could, therefore, sow more acres, and do his 
part to feed the Army, handle the needs of the civilian 
population on the home front, ship food to Europe — and 
he could spare his son to the army of Rosecrans, Thomas, 
Sherman, or Grant. There can be no question that the 
reaper was a most important weapon for the Federal side 
in the struggle. 

Interestingly enough, Cyrus H. McCormick, inventor 
and promoter of the principal among the more than 100. 
rival reapers in production in 1860, had so little zeal for 
the Northern side that the Chicago Tribune and other 
political enemies accused him of being a Copperhead. Mc- 
Cormick had made his first reaper at Walnut Grove, in 
the valley of Virginia, in 1831, as an improvement on 
those his father, Robert McCormick, had made some 
years earlier. There is a legend that a letter President 
Jefferson wrote the elder McCormick, suggesting a 
device on “the scissors principle,” incited the latter’s 
experiments. 

Be that as it may, McCormick moved toward his 
market, established a factory in Chicago in 1847, and was 
doing a national business almost overnight. In the Sixties 
he did not lack able rivals, like Obed Hussey, but his 
business genius and dominating force kept him far in the 
(Concluded on page 456) 
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lead in this development. He added many new devices, 
such as a mowing attachment, and coined money hand 
over fist. 

The inventor of the reaper was one of the first million- 
aire manufacturers who wanted a political career, and 
from 1860 to 1880 this was about as important an interest 
to him as the domination of the reaper market all over the 
world. He brought proslavery views with him from 
Virginia, supported John C. Breckinridge for president 
in 1860, and bought the Chicago Times in July of that 
year to fight for his political views. His loyalty to the 
Union was so assailed by his enemies that, after Sumter, 
McCormick felt it necessary to publish a signed statement 
in his paper. This declared that, “though a native of the 
South, I am a citizen of Illinois, and of the United States, 
and as such shall bear true allegiance to the Government.” 
This he would do “without considering whether my 
country is right or wrong.” That same June he sold the 
Times, and a little later went abroad, ostensibly to 
promote his reaper. 

In April, 1864, in a letter to the editor of his former 
paper, McCormick urged: “Stop the war, declare an 
armistice. . . . Another Republican President elected 
and the country — the Union is lost.” He returned to the 
United States a little later and became a candidate for 
Congress, but was defeated. Soon after Lincoln’s re- 
election, the manufacturer published a letter saying that 
negotiations must be opened with the Confederacy; the 
“last chance” was to negotiate a peace, either on the 
basis of the Union with the slave states back, their 
“peculiar institution” safe; or on that of Confederate 
independence but no slavery in the loyal states! On 
December 7, he wrote the President asking permission to 
go to Richmond to negotiate with Davis to this end. 
Lincoln did not reply. Doubtless he felt that the con- 
tribution McCormick’s reaper had made to the war more 
than offset its inventor’s tergiversations. 

The foregoing shows that, throughout the Civil War, 
the North was able to operate on the maxim: “Food is a 
weapon.” Furthermore, the North’s increasing agricul- 
tural production in the years right after the war enabled 
it, through continued exports, to keep on getting the for- 
eign exchange to help the reunited nation carry on its 
changed economic structure and meet the increased social 
demands. 

All of this may be of analogous value now, as we find the 
school of experience of immense value in helping solve the 
problems that confront us, and find history an illuminat- 
ing teacher. The United Nations Food Conference held 
at Hot Springs, Va., in June, 1948, emphasized the impor- 
tance of food both during the war and after the war. The 
principal theme stressed by the delegates from the four 
corners of the earth was that the postwar world would 
need more food and feed than had ever been needed 
before. They felt there would be no danger of a slump in 
the market for farm products. On the contrary, they felt 
that the potential agricultural demand of the people of 
the postwar world would be so great that all the nations 
would take steps to increase the general income so that 
the potential demand would be translated into a real 

effective present demand. Doubtless this is the new phase 
ahead in the world of food. 
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Functions” after the war is won. 
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THE INSTITUTE GAZETTE 
(Concluded from page 432) 





Every contract provides that the government acquire 
royalty-free rights on inventions made during the course 
of the government research. The Institute retains patent 
rights only when, independently of the government re- 
search, it has made a contribution to the invention. The 
Institute .continues to follow the policy of not itself 
managing patents, and most of the patents which it 
secures are turned over to Research Corporation. 

The Committee desire to repeat what was represented 
in our last year’s report, namely, that this war is de- 
pendent for its successful prosecution more and more 
upon science, and that the M.I.T. is to be congratulated 
on forging to the forefront on this work. When the story 
of the achievement can be fully told, it will be a source 
of pride to all Technology men and to all Americans. 





THE TREND OF AFFAIRS 
(Concluded from page 418) 





pneumatic tires report indications that it escapes less easily 
from the tube than air does, and that it is less wearing on 
the tire. @ Soil in greenhouse beds is sterilized by a new 
process which involves covering the beds with sisalkraft 
paper and injecting live steam under it. @ Casting by the 
cire-perdue, or “lost wax,” process described some four cen- 
turies ago by Benvenuto Cellini has been called into use 
in the manufacture of complicated parts for the turbo- 
superchargers that make possible high-altitude bombing. 
An accurate master mold of lead alloy is filled with molten 
wax in an injection machine, forming an accurate wax 
pattern of the desired casting. About the pattern, a mold 
is formed of graded silica sands with a binder; after this 
mold has set, it is placed in an inverted position in an 
oven heated to about 250 degrees Fahrenheit, so that 
the wax of the pattern melts and runs out, leaving a pre- 
cision mold in which suitable metals and alloys can be 
cast to tolerances of .002 to .005 for each linear inch of 
casting. Machining thus is saved. @, Recently patented is 
a device which enables slot machines to put the heat on 
coins to determine their validity. The nickel thrust into 
the slot becomes part of a thermocouple which passes cur- 
rent in accordance with the conductivity of the coin in 
contact with an electrically heated pin. Slugs and counter- 
feit coins are much less conductive than the nickel alloy in 
the American and the Canadian five-cent pieces. Differ- 
ences in the amount of current passed by the thermocou- 
ple decide whether the coin itself shall pass. 
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